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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is how to improve resistance to damage caused by radiation in an optical minute electric machine system (MEMS) containing at 
least one movable modulation element, and said damage is produced from a low fluence and an addition pulse of electromagnetic 
radiation of short wavelength, 

At least one radiation resistance layer is formed on the front-face said at least one movable modulation element side, 
******, a described method. 
[Claim 2] 

A described method which is reflexibility substantially in operating wavelength in a method according to claim 1 in which said 
f adiation resistance layer is shorter than about 248 nm or it. 
[Claim 3] 

In a method according to claim 1 , said radiation resistance layer. An oxide (Hf a Ojj) of hafnium, fluoride of magnesium (Mg e F x ), A 
described method containing at least one of fluoride (La p F x ) of a lantern, an oxide (aluminum s O t ) of aluminum, an oxide (Si y O x ) of 
silicon, or fluorides (Li^F 2 ) of lithium. 
[Claim 4] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 1. 
[Claim 5] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 1. 
[Claim 6] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 1. 
[Claim 7] : 

A described method with which said placing radiation resistance layer is activated in a method according to claim 6. 
[Claim 8] 

A described method with which said placing radiation resistance layer comprises placing element boron and carbon in a method 
according to claim 7. 
[Claim 9] 

Including being the method according to claim 1 and forming further two or more radiation resistance layers, said two or more 
radiation resistance layers, a placing layer by which an oxide of hafnium, an oxide of aluminum, an oxide of silicon, fluoride of 
magnesium, fluoride of calcium, fluoride of lithium or boron, and carbon were activated, and ** — a described method of at least 
one inside to include. 
[Claim 10] 

A described method in which said radiation resistance layer has a thickness of about 30 to 70 nm in a method according to claim 
1. 

[Claim 11] 

A described method in which said radiation resistance layer has a thickness of about 2 to 50 nm in a method according to claim 
1. 

[Claim 12] 

A described method in which said radiation resistance layer has a thickness of about 50 to 100 nm in a method according to 
claim 1. 
[Claim 13] 

A described method with which said movable modulation element contains aluminum in a method according to claim 1. 
[Claim 14] 

A described method with which said movable modulation element includes material of one or more of a silicon nitride, silicon, 
titanium, tantalum, or the tungsten in a method according to claim 1. 
[Claim 15] 

A described method in which said material composition of on a method according to claim 1 and as opposed to said radiation 
resistance layer is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 16] 

A described method in which said material composition to one with said two or more radiation resistance layers arbitrary in a 
method according to claim 3 is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 17] 

A described method which is the method according to claim 1 and includes forming further a reflecting layer containing one or 
more of aluminum, silver, and the gold before forming said radiation resistance layer. 
[Claim 18] 

A described method which said movable modulation element has the rear-face side, and includes forming at least one 
antireflection layer on said rear-face side further in a method according to claim 1. 
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[Claim 19] 

A described method with which said antireflection layer contains CaF2 or MgF£ in a method according to claim 1 8. 
[Claim 20] 

A described method with which said antireflection layer contains fluoride of magnesium or calcium in a method according to claim 
18. 

[Claim 21] 

A described method in which said antireflection layer has a thickness of about 15 to 80 nm in a method according to claim 18. 
[Claim 22] 

A described method in which said antireflection layer has a thickness of about 40 to 60 nm in a method according to claim 18. 
[Claim 23] 

A described method in which said antireflection layer has a thickness of about 60 to 80 nm in a method according to claim 18. 
[Claim 24] 

A described method with which said movable modulation element transmits electromagnetic radiation in a method according to 
claim 1. 
[Claim 25] 

In a method according to claim 24, said movable modulation element is a transparent described method substantially to 
wavelength of 248 nm or less. 
[Claim 26] 

A described method with which said movable modulation element contains an oxide of silicon in a method according to claim 24. 
[Claim 27] 

A described method with which said radiation resistance layer contains one layer in a method according to claim 24. 
[Claim 28] 

A described method with which said radiation resistance layer contains two or more layers in a method according to claim 24. 
[Claim 29] 

A described method with which said radiation resistance layer contains fluoride of magnesium or calcium in a method according 
to claim 24. 
[Claim 30] 

A described method in which said radiation resistance element is an oxide of two. aluminum beyond it, or silicon in a method 
according to claim 24. 
[Claim 31] 

A described method which is the method according to claim 1 and includes carrying out flattening of said front-face side further 
before forming said radiation resistance layer. 
[Claim 32] 

A described method with which said front-face side has good RMS surface smoothness from 2 nm after said flattening in a 
method according to claim 31. 
[Claim 33] 

A described method with which said front-face side has good RMS surface smoothness from 1 nm after said flattening in a 
method according to claim 31. 
[Claim 34] 

A described method with which said front-face side has good RMS surface smoothness from 0.5 nm after said flattening in a 
method according to claim 31. 
[Claim 35] 

A described method which contains CPM which uses an abrasive grain of a size in which said flattening is smaller than 300 nm in 
a method according to claim 31. " 
[Claim 36] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 70 nm in a method 
according to claim 31. 
[Claim 37] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 50 nm in a method 
according to claim 31. 
[Claim 38] 

It is at least one movable modulation element of an optical minute electric machine system (MEMS), 
The front-face side, 

At least one radiation resistance layer on said front-face side, 
******, the above-mentioned movable modulation element. 
[Claim 39] 

The above-mentioned element which is reflexibility substantially to radiation in operating wavelength in the element according to 
claim 38 in which said radiation resistance layer is shorter than about 248 nm or it. 
[Claim 40] 

The above-mentioned element which is transmission nature substantially in operating wavelength in the element according to 
claim 38 whose said movable modulation element and said radiation resistance layer are shorter than about 248 nm or it. 
[Claim 41] 

In the element according to claim 38. said radiation resistance layer, The above-mentioned element containing at least one of a 
hafnium acid ghost (HfOg), magnesium fluoride (MgF2), an aluminum oxide (aluminuiT^Os), a silica dioxide (S1O2), or lithium 
fluorides (UF2). 
[Claim 42] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 38. 
[Claim 43] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 38. 
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[Claim 44] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 38. 
[Claim 45] 

A described method which is a flat surface where said front-face side has 2 nm or better RMS in a method according to claim 
38. 

[Claim 46] 

It is the element according to claim 38, and is a pan, 

The rear-face side of said movable modulation element, 

At least one antireflection layer formed on said rear-face side, 

****** the above-mentioned element. 

[Claim 47] 

It is the element according to claim 45, and is a pan, 

A non-movable substrate under said movable modulation element which said moving element combines in movable, 
At least one antireflection layer formed in said a part of non-movable substrate, 
****** the above-mentioned element. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

(Field of invention) 

This invention contains the method and element which improve the radiation resistance of a movable minute machine optical 
element. . Produce, when the owner pulsed laser energy of an energy density smaller than the 100-micro joule per square 
centimeter is especially exposed in the wavelength of about 248 nm or less. A radiation resistance layer suitable for decreasing 
change of the surface in an element and a bulk material is added to a movable minute machine optical element. 
[Background of the Invention] 
[0002] 

(The background of invention) 

The optical minute electric machine system (MEMS) or the spatial-light-modulation machine (SLMs) is used in a movie, a 
presentation projector, and television, in order to generate the image for a televiewer today. A pattern usually appears on the 
wide range surface like a projection screen or a viewing plate. In such applications, visible wavelength light (400 to 800 nm) is 
used. MEMS is used again as a switch which turns the beam of light to other optical courses from one optical course. In 
switching application, normal use of not the ultraviolet radiation that is shorter wavelength but the light of a visible wavelength is 
carried out. 
[0003] 

this invention person and their coworker applied SLMs to the micro lithography process included in semiconductor device 
manufacture recently. SLMs is more detailed, smaller, and it is used in order to generate the picture packed more to high density. 
In order to describe the picture packed small and with high density, it is required to use a light of short wavelength shorter than 
the inside of an ultraviolet spectrum or it. Electrostatic activity-ization is used in order to deflect a micro mirror. In order to 
generate power, it is generated between the electrodes whose voltage is two. One electrode is static and other electrodes are 
attached to an actuator like a movable micro mirror, for example. For example, SLM which has an array of an actuator used in a 
mask writing tool or a chip fabrication tool. It is loaded with a specific pattern, and an actuator is in the state or the state where 
an address is not carried out by which the address was carried out here, when relaying or transmitting the beam of 
electromagnetic radiation on a manufactured product The beam of this relayed electromagnetic radiation contains the stamp of 
the pattern which should be printed on the above-mentioned manufactured product. This pattern may be the subset of a pattern 
or the perfect pattern which should be printed on a mask or a chip, respectively. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0004] 

Therefore, the opportunity to develop the method, and element which are fitted so that SLMs may be used with short wavelength 
arose, having understood the problem which uses SLMs with the light of short wavelength containing wavelength shorter than 
about 248 nm or it, and prolonging the usefulness and the life of a MEMS element effectively. 
[Means for solving problem] 
[0005] 

(Outline of invention) 

This invention contains the method and element which improve the radiation resistance of a movable minute machine optical 
element. . Produce, when the owner pulsed laser energy of an energy density smaller than the 100-micro joule per square 
centimeter is especially exposed in the wavelength of about 248 nm or less. A radiation resistance layer suitable for decreasing 
change of the surface in an element and a bulk material is added to a movable minute machine optical element. 
[0006] 

(DETAILED DESCRIPTION) 

The following detailed explanation is given with reference to drawing 1 -9. A desirable embodiment is described in order to 
indicate the technology of this invention, and it does not restrict the range of the claim defined here. Various equivalent change 
will be recognized on the occasion of the following explanation by the engineer of this field. 
[0007] 

The micro lithography SLMs uses the array of a very small precise movable optical modulator, or an optical element like a mirror. 
A reflectedHight study element may be tens of microns from several microns at one side. The SLM array containing such two or 
more elements can be from a. thing smaller than one centimeter on one side even to tens centimeters in one side. The thickness 
of an optical element may be the thickness of 1 - 2 microns, or 350 to 700 nm, or may be more thinly [ than this ] thick. 
Desirable surface smoothness (buckling of the mountain of a single reflective element to a valley) may be precise about four to 
ten nm over 16 microns, and may be more precise. The both sides of surface surface smoothness and mechanical stability (the 
resistance to an edge curl is included) may be required. The lives with a desirable element may be 10 billion or 100 billion pulses 
from 1 of radiation, and many mechanical deflections. It is because an element creates a desirable micro lithography pattern, so it 
is adjusted. 
[0008] 

As compared with SLMs used in order to generate the picture for a televiewer, the micro lithography SLMs uses the light of 



http://wAvw4.ipdl.inpit.go.jp/cgi-biri/tra^^ 4/5/201 1 



JP,2006-513442 > A [DETAILED DESCRIPTION] 



Page 2 of 6 



short wavelength rather than having energy per higher photon. The photon of higher energy has high capability rather than 
changing materially the surface of an optical element, and the physicochemical quality of bulk. It is observed that a high-energy- 
light child may change the optical property of an optical element in the light of short wavelength between development. Generally, 
the net change per [ in the character of the reflector in a fixed fluence ] photon is in inverse proportion to the wavelength of 
exposure electromagnetic radiation. Generally, the change per [ in the surface of an optical element and/, or bulk character ] 
photon is so larger that the wavelength of electromagnetic radiation is shorter. The change as a result in the bulk of an optical 
element and the character of material is irreversible, and cumulative. The change in the character of a micro lithography SLMs 
optical element is desirably irreversible. It is because the quality of the picture which change decreased fidelity, therefore was 
generated is lowered. 
[0009] 

A reflected-light study element is formed from a desirable material of high reflectance like aluminum. In a larger pulse ratio than 
500 Hz and the wavelength of 248 nm or less, the exposure high-energy-light child who has a pulse is reflected from the surface 
of a movable optical element in an energy density smaller than the 100-micro joule per square centimeter. The photon which 
collides may affect the surface and the bulk character of an optical element mutually. 
[0010] 

Use of the reflection SLM is not restricted to using such SLM for laser pattern generation. It has intention of the range of a 
claim so that movable and static, other reflections, and transmission optical element out of use of such technology for the 
pattern generation based on the laser in an energy density and wavelength which are specified here may be included. Although 
there are the photonic switch and MEMS shutter array for a scanning mirror and communication as an example, it is not limited 
to these. 
[0011] 

It depends on the surface and the bulk character of an optical element for the type of change which can be predicted heavily. 
When electric conduction, an insulation, and the charge of half^guide members are exposed by the light of the same wavelength 
and a fluence, reactions differ. Change caused with the photon in the bulk and surface properties of an optical element can be 
measured directly or indirectly. The material change to a mirror can measure quantity directly by the granularity of hardness, 
chemical composition, and the surface, the loss of material, the change in thickness, or change in the form of an optical element. 
The change in the optical property of a mirror can measure quality through the change in reflectance, regular reflectance or non- 
regular reflectance, a luminosity, or contrast. 
[0012] 

It is observed that the regist-patterning processing used in order to define the optical element of SLM leaves a residual 
substance after that so that exposure by environment may be so. A resist process or residual carbon from other sources is 
observed on the surface of an optical element. Sample structure (what is called a sample with a mirror) contained 350-nm-thick 
aluminum / magnesium / silicon alloy film on photoresist. The annealing of such sample structures was carried out in 160 ** for 
12 hours. What is called structure "processed" was exposed by 90 million of a 248-nm laser beam. 2.5 mJ/cm 2 , and the 25-ns 
pulse in 500 Hz. Other sample structures (what is called a mirror-less sample) had 1000-nm-^hick aluminum / magnesium / 
silicon alloy film without annealing on the single crystal silicon substrate. Some mirror-less samples were processed when low 
energy density and a high energy laser pulse were exposed. Sample structure was analyzed. 
[0013] 

In two monolayers of the surface upper part, analysis of the sample showed existence of high carbon relatively. Carbonaceous 
content was decreasing substantially in about 9 nm inside. from the surface. The layer of the aluminum oxide seemed to have 
mixed with carbon. The particle of the alloy was observed in the surface and considered to.be a by-product of sputtering 
adhesion so that it might be predicted. The particle appeared in the size of the order of .20 to 25 nm. In some processed samples, 
the particle of the alloy was emitted from the surface, and it was removed finely, and seemed to leave the surface which leaves 
without completely moving, without changing an adjoining particle, and includes a hole 20 - 30 nanometers deep and which is not 
even. Desorption of the particle from the surface An H. helluva alder, L WIDOMAN, and H.S. Kim, "The relevance to the 
photophysical processing and atomic layer processing in a low fluence UV laser material interaction", It is in agreement with an 
experimental result without advanced MATERIARUSU Fau optics and electronics, Vol.2, 31 - 42 pages, and the relation to this 
invention of 40 (1993). 
[0014] 

Surface hardness of an unsettled structure was also measured with finishing [ processing ]. When a result analyzed as power 
applied by a hysterics TIRON try boss Co-op TM analyzer using AFM was combined, it was thought that the surface of a 
processed sample was harder than the surface which resists by osmosis by analysis investigation, therefore is not processed. A 
film considered that a TEM picture of a processed sample with a mirror is the non-same quality physicochemically, and is mixing 
of aluminum and oxygen with much carbon, magnesium, and silicon was shown. It was surmised that a loss of material (oxygen 
and particle) and combination of strengthening of surface hardness were connected with a. curve of five to 20 nm observed 
covering an element face with a width of 16 microns of mirror structure after processing. 
[0015] 

In accordance with these observation to these observation, a method for processing of the optics MEMS of a schedule [ in / 
about 248 nm ] exposed by wavelength shorter than it was developed. Before flattening buffing removes a mirror from a resist 
located under mirror structure, it may be applied to a mirror, and more generally, it may be applied to optical MEMS structure of 
a schedule exposed by short wavelength. As for CMP buffing, in order to make surface granularity small, it is desirable to use a 
very small abrasive grain. Buffing may be adopted so that fully for removing a particle and smoothing from the surface of the 
optics MEMS. It is thought that a particle has change and a relation after exposure to the surface and bulk character of a 
reflected-light study element. Buffing may be adopted so that fully for removing a particle from the surface of a mirror. It is 
expected that a slurry based on suitable pH and viscosity, and other silica that sets and has a particle with a size of 50 or 70 nm 
is helpful. More generally 300 nm or a smaller abrasive grain may be helpful for a size of particles. Other slurries which use 
different abrasive soap may often be equally helpful, being [developed by ACSI group of ATMI and Inc. — brand-name Plana Kem, 
OS, and a series oxer — ide — a slurry currently sold in the name of a SMP slurry has a desirable small grain size. Flattening 
composition for structure of these slurries to remove US,5,993,685,B and a metal membrane (November 30, 1999), It is thought 
that it is based on research explained to flattening composition and a method (November 27, 2001) for removing flattening 
composition (July 31, 2001) for removing No. 6,267.909 and a metal membrane and No. 6,322,600, and an internal layer dielectric 
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film. Buffing which removes about 5 30, 5—20, 5 — 10, 10 — 20, 20—30, a range containing 50 to 100 nm, 5, 10, 20, 30 and 50, 100 nm, 
or material not more than it by composition of the optical MEMS surface may be performed. A marginal size of buffing changes 
with surface configurations. Surface granularity can be observed and measured using an atomic force microscope. 
[0016] 

Drawing 9 shows an embodiment of a movable microoptics element. A movable optical element may be Motoko Kagami in a 
spatial-light-modulation machine (SLM) array. This mirror lets the range of a deflecting angle pass, or may be deflected by the 
binary number maximum or zero deviation. Motoko Kagami's deviation may be linearity or non-linearity as a function of an input 
signal. 
[001 7] 

In drawing 9 , generally the movable optical element 10 is a rectangle, and is supported on 1 set of torsion hinges 60 along with 
one of omitted portions. Movable optical elements may be arbitrary forms, for example, may be a polygon, and circular or an 
ellipse form. The above-mentioned hinge is supported by the support element 50. The movable minute element 1 0, the torsion 
hinge 60, and a support element may comprise the same material that is aluminum or a different material, for example. The 
substrate 20 contains the electric conduction electrodes 30 and 40. The electrodes 20 and 30 are connected to a circuit (not 
shown) made in the substrate 20. If potential difference is applied between one and the above-mentioned optical element of an 
electrode, electrostatic force will be accumulated and, thereby, it will be electrostatically drawn by the above-mentioned movable 
optical element (it deviates). 
[Best Mode of Carrying Out the Invention] 

[0018] : 5 

Embodiment 1 

Drawing 1 is a sectional view of the 1st embodiment of the micro mirror structure 100. The structure 100 contains an optical 
element or the front face 120, the supporting structure 123, and the substrate 140. The supporting structure has attached the 
optical element 120 to the substrate 140. A substrate contains at least one electrode used in order to draw the element 120 
electrostatically. As. for the moving element, in the front face, the layer is made from the radiation resistance coating 110. The 
radiation resistance layer 110 may be reflexibility substantially. Substantially, although it is desirable for reflectance to be larger 
than 20% as for the reflexible surface, it is not limited to this. This reflectance level is lower in high frequency / low wavelength 
than it can set to a visible range. Before contacting the front face 1 20, by making an energy density small, the damage caused 
with the photon to the surface and the bulk character of the reflected-light study element 120 which were exposed caused by a 
low fluence and the high-energy-light child decreases. A low fluence characterizes it as the fluence per [ lower than the 100 
micro joule per square centimeter] one pulse. The mirror element 120 may comprise aluminum. A silicon nitride, silicon, titanium, 
tantalum, or tungsten may also be included without aluminum or aluminum. The foundation structure of a movable optical element 
Aluminum, a silicon nitride, silicon, titanium, tantalum, tungsten, or other materials which were mutually used as the layer or were 
compounded and ** without enough ductility which can fully be deflected by the elastic hysteresis it is considered that is a slight 
quantity — although material [ like ] can be comprised, it is not limited to these. A reflecting layer can be attached including 
aluminum, silver, gold, and a certain reflector for which it was, and it crawled and was suitable from other ones of shoes, although 
not illustrated individually. 
[0019] 

The radiation resistance layer 110 Oxide; yttrium or scandium; or magnesium of hafnium, silicon, and aluminum, Fluoride of 
calcium, a lantern, lithium, molybdenum, sodium and aluminum, neodymium, gadolinium, or aluminum; they may be silicon 
compound [ of molybdenum ];, one layer which comprises the carbide of boron again, or two or more layers. For example, 4 to six 
mutual layers of the oxide of aluminum and silicon may be used. In other embodiments, the layer of many layers, 50, or 100 may 
be used. Using many layers Angela DEYUPARE, Stephen Jaco Bus & Nor Bert Kaiser, Reference is made in "influence on the 
quality of optical coating for a substrate face and UV spectral region of membranous granularity", SPIE Vol.31 10, and a situation 
that sets and is different without 509 - 516 pages, and this document has mentioned the system which has 49 layers in 510 
pages. N. Keyser, H. you. rig, U.B. SHAREMBAGU, B. Anton, U. Keyser, K. Martin, E. Eve, "high damage threshold value 
aluminum203/Si02 dielectric coating for excimer laser". Even if it sets without Singh solid Phil Mus, No.260, and 86 - 92 pages 
(1995), reference is made, and this has mentioned the system of 24 layers in 87 pages. A radiation resistance layer may be 
attached by known adhesion and ion implantation technology. Adhesion technology includes sputtering, CVD. electronic vacuum 
deposition, laser evaporation and laser, or plasma enhancement oxidation. 
[0020] 

The reflector of a mirror can be smoothed as mentioned above in advance of adhesion of desirable radiation resistance coating 
by the surface smoothing technology in which it was suitable from chemical mechanical polishing (CMP) or some of other ones. 
As for the front face of a movable optical element, it is desirable to have advanced smoothing. This is considered to be useful to 
make the interaction to an irradiation light child's surface into noninterfering. As for smoothing of the surface of an optical 
element, it is more desirable that it must be smaller than 2nmRMS (root mean square), and is smaller than InmRMS, and it is still 
more desirable that it is smaller than O.SnmRMS. 
[0021] 

Reducing the wavelength of 248 nm or less substantially to the low fluence photon which it has is expected in the loss or damage 
to reflexible which produces such radiation resistance coating from the addition pulse of a large number which exceed 1 billion. It 
is expected that it remains while it has been flatter even if the surface has each addition pulse. 
[0022] 

The embodiment in drawing 1 shows the antireflection coating 1 30 on the rear face of the above-mentioned mirror element 1 20, 
the above-mentioned supporting structure 123, and the above-mentioned substrate 140 located in the bottom containing the one 
electrode 1 50 even if small. The antireflection coating 1 30 The fluoride of magnesium or calcium or silicon and/, or the oxide of 
aluminum, Or one or more layers of coating for which it was suitable from some of other ones which have quality of acid 
resistibility in the wavelength used may be comprised. The antireflection coating 130 decreases a reflection of the imitation which 
may be able to be set under the reflector of the SLM element which may cause degradation of the fidelity of the reflected 
picture which is generated by the optical element of SLM. Such the quality of acid resistibility of radiation resistance coating can 
provide the protection to the circuit located in the bottom which may be sensitive to the photon of short wavelength with such 
high energy. 
[0023] 
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The thickness of radiation resistance coating is usually within the limits of two to 1 50 nm. It is desirable that it is within the limits 

of five to 100 nm, and it is more desirable that it is in within the limits which is ten to 50 nm. 

[0024] 

The thickness of antireflection coating is usually within the limits of 15 to 80 nm. It is desirable that it is within the limits of 15 to 

70 nm, and it is more desirable that it is in within the limits which is 20 to 60 nm. 

[0025] 

If the sectional view in drawing 1 is compared with the isometrical drawing of drawing 9 , it is clear that it is not necessary central 
vertical structure's 1 23 to have the same installation area as the light modulation structure 1 20. That is, the torsion hinge 60 may 
be formed so that it may have the support 50 in one of ends. Much reflexibility and transmission nature geometry can obtain 
profits from application of this invention, having the various structures for supporting the light modulation structure 120. 
[0026] 

Embodiment 2 

Drawing 2 is a sectional view of the 2nd embodiment of the micro mirror structure 200 of this invention. The above-mentioned 
structure 200 contains the optical element 220, the supporting structure 223, and the substrate 240. The supporting structure 
has attached the optical element 220 to the above-mentioned substrate 240. A substrate contains at least one electrode which 
draws the above-mentioned optical element 220 electrostatically. The mirror element is covered by the radiation resistance 
coating 210. The above-mentioned coating decreases substantially the influence in the bulk and the surface which are caused to 
a photon on the reflective element 220 when a low fluence photon is exposed in the wavelength of 248 nm or less. 
[0027] 

The reflected-light study element 220 may comprise the reflective coating or the substrate for which wavelength was suitable 
from aluminum or some of other ones. The radiation resistance coating. 210 may comprise one or more things of hafnium, 
aluminum, the oxide of silicon or calcium, magnesium, the fluoride of lithium, or the carbide of boron. Platina ** palladium, a 
ruthenium, rhodium, a rhenium, osmium, or metal like iridium can be used also as radiation resistance coating. It may be single or 
a multilayer coating tip may be adhered. The radiation resistance coating 210 may adhere by known ion implantation technology 
in known adhesion (deposition) and/, or this field. It is activated, and the optical element by which ion implantation was carried 
out uses a well-known standard annealing procedure for the engineer of this field, and is good also as radiation resistance by an 
after-placing annealing. The upper surface of the reflected-light study element which is not coated may be smoothed before 
forming the radiation resistance coating 210. 
[0028] 

The radiation resistance coating 210 is substantially decreased to low fluence wavelength light of 248 nm or less from the 
addition exposure which exceeds 1 billion for a luminosity and the wastage rate of contrast. The radiation resistance coating 210 
has the loss of equivalent reflexibility to several 1 billion pulses, and makes the resistance to the above-mentioned radiation 
increase from the range of hundreds of millions pulses to them. Radiation resistance coating protects the surface from chemical 
and the physical change which are caused with a photon selectively forming the cover which decreases the number of the 
photons which arrive at a reflector, and by fixing the atom and electron of a reflected-light study element on that occasion. 
[0029] 

Like drawing 1 . the embodiment in drawing 2 is illustrated again so that it may have the antireflection coating 230 on the rear 
face of the above-mentioned mirror element 220, and at least a part of above-mentioned supporting structure 223, but on the 
above-mentioned substrate 240 located in the bottom which contains the one electrode 250 even if small, it does not have it. 
The antireflection coating 230 The fluoride of magnesium or calcium or silicon and/, or the oxide of aluminum, Or one or more 
layers formed by the adhesion of coating which was suitable from some of other ones which have quality of acid resistibility in 
the wavelength used may be comprised. The above-mentioned antireflection coating 230 decreases a reflection of the imitation 
under the reflector of the SLM element which may cause degradation of the fidelity of the reflected picture which is generated 
by the reflected-light study element of SLM. Such the quality of acid resistibility of coating can provide the protection to the 
circuit located in the bottom which may be sensitive to the photon of such high energy and short wavelength. 
[0030] 

Embodiment 3 

Drawing 3 shows the 3rd embodiment of the micro mirror structure 300. in this example — the antireflection coating 330 — the 
above — the substrate 340 which contains the one electrode 350 even if small — a wrap — it is illustrated like. The rear face 
and the above-mentioned supporting structure of the above-mentioned mirror element 320 are not covered with the above- 
mentioned antireflection coating. 
[0031] 

Embodiment 4 

Drawing 4 shows the 4th embodiment of the micro mirror structure 400. The above-mentioned structure 400 contains the mirror 
element 420, the supporting structure 423, the substrate 440, and at least one electrode 450 like other embodiments. The mirror 
element 420 is covered with the radiation resistance coating 410. In this example, antireflection coating is omitted thoroughly. 
[0032] 

In drawing 1 and the embodiment shown in 2, 3, and 4, it may be thought that a mirror element contains an optical element and a 
constituent child. Optics and a constituent child may comprise one basic material like the alloy of aluminum or aluminum. 
[0033] 

Embodiment 5 

drawing 5 is based on this invention — being the further — others — the embodiment is shown and the mirror constituent child 
520 may be covered by the optical element here on the front face 522. its rear face 521, or its both. The mirror constituent child 
520 in this case A silicon nitride, titanium, tantalum, material like tungsten that does not have ductility more, Or material without 
the ductility for which few deviation hystereses like the compound of material without silicon or similar ductility are shown, or it 
was suitable from some of something else which does not show a deviation hysteresis may be comprised. 
[0034] 

The micro mirror structure 500 is dramatically similar with the structure shown in drawing 1 . The mirror constituent child 520 
may comprise single element composition, or may comprise aluminum, copper, and an alloy like the alloy of silicon. The 
constituent child 520 may be the accumulated structure containing two or more layers of a different material. The material in the 
structure which was accumulated as for the account of the upper may be designed make any temporary modification of a mirror 
into the minimum effectively when temporary modification continues for a long time than the time between pulses. 
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[0035] 

The optical element 522 may be an alloy of aluminum and aluminum, silver, gold, or other suitable arbitrary materials that have 

high reflectance. 

[0036] 

The radiation resistance element 510 can be one layer or two or more layers as mentioned above. 
[0037] 

An aluminum micro mirror may be hardened by boron carbide. Boron carbide may be attached to an aluminum micro mirror by the 
ion implantation of a boron ion and a carbon ion. The annealing of the micro mirror may be carried out by thermal annealing after 
placing, for example. 
[0038] 

Embodiment 6-8 

The reference number in drawing 5 is equivalent to the reference number in drawing 1 . and the number 100 is exchanged for the 
number 500. The same rule also as drawing 6 -8 is applied, the feature in drawing 6 corresponds to drawing 2 , drawing 7 
corresponds to drawing 3 . and drawing 8 corresponds to drawing 4 . The above-mentioned explanation is applied to the feature 
shown in drawing 6 -8. 
[0039] 

One mode of this invention is a method for improving the resistance to the damage caused by radiation of an optical minute 
electric machine system (MEMS). MEMS may also contain at least one movable modulation element. The damage to a modulation 
element may be produced from a low fluence and the addition pulse of the electromagnetic radiation of short wavelength. The low 
fluence as used in this situation means low energy density. This method includes forming at least one radiation resistance layer 
on the front-face at least one movable modulation element side. According to this method, in operating wavelength shorter than 
about 240 nm or it, a radiation resistance layer may be reflexibility substantially. A radiation resistance layer may also contain the 
oxide of at least one hafnium, aluminum, or silicon. A radiation resistance layer may also contain the fluoride of at least one 
magnesium, a lantern, or lithium. A radiation resistance layer may also include the combination of an oxide and fluoride. A 
radiation resistance layer may also contain a placing layer. This layer will be driven in on the front-face a movable modulation 
element side. Placing may also contain boron and carbon. Placing may be activated. Annealing like heat annealing may be used for 
activation. One radiation resistance layer or two or more radiation resistance layers may have a thickness of about 30 to 70 nm. 
It may have a thickness of about 2 nm to 50 nm, or 50 to 100 nm. A movable modulation element may also contain one or more 
of the materials of aluminum or a silicon nitride, silicon, titanium, tantalum, or tungsten. The material composition to a radiation 
resistance layer may be the average bulk composition from the upper part of a layer to the lower part of a layer. A reflecting 
layer may be formed before forming a radiation resistance layer. A reflecting layer may also contain one or more of aluminum, 
silver, or the gold. A movable modulation element may have the rear-face side, and a method may also include forming one 
antireflection layer or two or more antireflection layers on the rear-face side of an element further. One antireflection layer or 
two or more antireflection layers may also contain the fluoride of magnesium or calcium, one antireflection layer or two or more 
antireflection layer thickness — 15 to 100 nm — or it may be 40 to 60 nm, or 60 to 80 nm again. A movable modulation element 
may be reflexibility or transmission nature. The transmission nature as used in this situation means a substantially transparent 
thing to the wavelength of 248 nm or less. A movable modulation element may also contain the oxide of the oxide of silicon and 
silicon, aluminum, or aluminum. Other modes of this example are carrying out flattening of the front-face side of a movable 
modulation element, before forming a radiation resistance layer. }t may be good root-mean-square surface smoothness, as for 
the result of flattening, it is desirable that it is better than 1 hm. and it is more desirable than 2 nm that it is better than 0.5 nm 
over the surface of an element. In this situation, the element may be about 1 6 microns in width. Flattening may be performed 
using an abrasive grain of a size smaller than 300 nm like about 70 nm or about 50 nm. The element and mode which are 
explained here are combinable with various useful combination. 
[0040] 

The element as the result is manufactured corresponding to the above-mentioned method. One embodiment of this invention is 
at least one movable modulation element of the optics MEMS containing at least one radiation resistance layer the front-face 
side and on the front-face side. A radiation resistance layer may be reflexibility substantially to the radiation in wavelength 
shorter than 248 nm or it. A radiation resistance layer may also contain arbitrary things among composition of being explained 
here. The surface smoothness characteristic of an element may be explained in a method. A radiation resistance layer may be 
combined on a support non-movable substrate with one or more antireflection layers formed on the rear face of a movable 
modulation element, or these both sides. 
[0041] 

Although this invention is indicated upwards with reference to the desirable embodiment and illustration which were explained in 
detail, it is understood that these illustration is not what restricts the range of this invention. It is thought that change of 
technology and the combination which were indicated upwards are easily invented to the engineer of this field. It will be 
considered that such change and combination are within the limits of this invention and the following claims. The desirable 
embodiment is described with reference to the movable reflective SLM optical element and the device. To the engineer of this 
field, MEMS structures other than the reflection SLM like the transmission SLM should also understand that profits can be 
obtained from the mode of this invention. To the transmission SLMs, a radiation resistance layer may be formed on transmission 
structure, and it may be chosen so that it may not be reflexibility in essence. For example, an antireflection layer may be formed 
on the front-face side of transmission structure, or the rear-face side. 
[Brief Description of the Drawings] 

[0042] » 

[Drawing 1] lt is a sectional view of the 1st embodiment of the MEMS structure of this invention. 

[Drawing 2] lt is a sectional view of the 2nd embodiment of the MEMS structure of this invention. 

[Drawing 3] lt is a sectional view of the 3rd embodiment of the MEMS structure of this invention. 

[Drawing 4l lt is a sectional view of the 4th embodiment of the MEMS structure of this invention. 

[Drawing 5] It is a sectional view of the 5th embodiment of the MEMS structure of this invention. 

[Drawing 6] It is a sectional view of the 6th embodiment of the MEMS structure of this invention. 

[Drawing 7] lt is a sectional view of the 7th embodiment of the MEMS structure of this invention. 

[Drawing 8l lt is a sectional view of the 8th embodiment of the MEMS structure of this invention. 

[Drawing 9] It is an isometrical drawing of an example of micro mirror structure. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0042] 

[Drawing 1] lt is a sectional view of the 1st embodiment of the MEMS structure of this invention. 
[Drawing 2] It is a sectional view of the 2nd embodiment of the MEMS structure of this invention. 
[Drawing 3] lt is a sectional view of the 3rd embodiment of the MEMS structure of this invention. 
[Drawing 4] It is a sectional view of the 4th embodiment of the MEMS structure of this invention. 
[Drawing 5] lt is a sectional view of the 5th embodiment of the MEMS structure of this invention. 
[Drawing 6] lt is a sectional view of the 6th embodiment of the MEMS structure of this invention. 
[Drawing 7] lt is a sectional view of the 7th embodiment of the MEMS structure of this invention. 
[Drawing 8] lt is a sectional view of the 8th embodiment of the MEMS structure of this invention. 
[Drawing 9] lt is an isometrical drawing of an example of micro mirror structure. 
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WRITTEN AMENDMENT 



[Written Amendment] 

[Filing date]Heisei 1 7(2005) March 9 (2005.3.9) 
[Amendment 1] 

[Document to be Amended]Claims 
[Item(s) to be Amended]Whole sentence 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

It is how to improve resistance to damage caused by radiation in an optical minute electric machine system (MEMS) containing at 
least one movable modulation element, and said damage is produced from a low fluence and an addition pulse of electromagnetic 
radiation of short wavelength. 

In operating wavelength including forming at least one radiation resistance layer on the front-face said at least one movable 
modulation element side in which said radiation resistance layer is shorter than about 248 nm or it, it is reflexibility substantially , 
A described method. . 
[Claim 2] 

In a method according to claim 1, said radiation resistance layer. An oxide (Hf a O b ) of hafnium, fluoride of magnesium (Mg e F x ). A 
described method containing at least one of fluoride (La p F x ) of a lantern, an oxide (aluminum s O t ) of aluminum, an oxide (Si y O x ) of 
silicon, or fluorides (LikF 2 ) of lithium. 
[Claim 3] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 1. 
[Claim 4] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 1 . 
[Claim 5] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 1. 
[Claim 6] 

A described method with which said placing radiation resistance layer is activated in a method according to claim 5. 
[Claim 7] 

A described method with which said placing radiation resistance layer comprises placing element boron and carbon in a method 
according to claim 6. 
[Claim 8] 

Including being the method according to claim 1 and forming further two or more radiation resistance layers, said two or more 
radiation resistance layers, a placing layer by which an oxide of hafnium, an oxide of aluminum, an oxide of silicon, fluoride of 
magnesium, fluoride of calcium, fluoride of lithium or boron, and carbon were activated, and ** — a described method of at least 
one inside to include. 
[Claim 9] 

A described method in which said radiation resistance layer has. a thickness of about 30 to 70 nm in a method according to claim 
[Claim 10] 

A described method in which said radiation resistance layer has a thickness of about 2 to 50 nm in a method according to claim 
1. 

[Claim 11] 

A described method in which said radiation resistance layer has a thickness of about 50 to 100 nm in a method according to 
claim 1. 
[Claim 12] 

A described method with which said movable modulation element contains aluminum in a method according to claim 1. 
[Claim 13] 

A described method with which said movable modulation element includes material of one or more of a silicon nitride, silicon, 
titanium, tantalum, or the tungsten in a method according to claim 1. \ 
[Claim 14] 

A described method in which said material composition of on a method according to claim 1 and as opposed to said radiation 
resistance layer is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 15] 

A described method in which said material composition to one with said two or more radiation resistance layers arbitrary in a 
method according to claim 2 is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 16] 
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A described method which is the method according to claim 1 and includes forming further a reflecting layer containing one or 
more of aluminum, silver, and the gold before forming said radiation resistance layer. 
JCIaim 1 7] 

A described method which said movable modulation element has the rear-face side, and includes forming at least one 
antireflection layer on said rear-face side further in a method according to claim 1. 
[Claim 18] 

A described method with which said antireflection layer contains CaF2 or MgF£ in a method according to claim 17 . 
[Claim 19] ~ ~~~ 

A described method with which said antireflection layer contains fluoride of magnesium or calcium in a method according to claim 
17- 

[Claim 20] 

A described method in which said antireflection layer has a thickness of about 15 to 80 nm in a method according to claim 1 7 . 
[Claim 21] 

A described method in which said antireflection layer has a thickness of about 40 to 60 nm in a method according to claim 17 . 
[Claim 22] 

A described method in which said antireflection layer has a thickness of about 60 to 80 nm in a method according to claim 1 7 . 
[Claim 23] 

A described method with which said movable modulation element transmits electromagnetic radiation in a method according to 
claim 1. 
[Claim 24] 

In a method according to claim 23 . said movable modulation element is a transparent described method substantially to 
wavelength of 248 nm or less. C 
[Claim 25] 

A described method with which said movable modulation element contains an oxide of silicon in a method according to claim 23 . 
[Claim 26] 

A described method with which said radiation resistance layer contains one layer in a method according to claim 23 . 
[Claim 27] , '.' 

A described method with which said radiation resistance layer contains two or more layers in a method according to claim 23 . 
[Claim 28] 

A described method with which said radiation resistance layer contains fluoride of magnesium or calcium in a method according 
• to claim 23 . 
[Claim 29] 

A described method in which said radiation resistance element is an oxide of two, aluminum beyond it, or silicon in a method 
according to claim 23 . 
[Claim 30] 

A described method which is the method according to claim 1 and includes carrying out flattening of said front-face side further 
before forming said radiation resistance layer. 
[Claim 31] 

A described method with which said front-face side has good RMS surface smoothness from 2 nm after said flattening in a 
method according to claim 30 . 
[Claim 32] 

A described method with which said front-face side has good RMS surface smoothness from 1 nm after said flattening in a 
method according to claim 30 . 
[Claim 33] 

A described method with which said front-face side has good RMS surface smoothness from 0.5 nm after said flattening in a 
method according to claim 30 . 
[Claim 34] 

A described method which contains CPM which uses an abrasive grain of a size in which said flattening is smaller than 300 nm in 
a method according to claim 30 . 
[Claim 35] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 70 nm in a method 
according to claim 30 . 
[Claim 36] 

A described method with which said flattening contains CPM Which uses an abrasive grain with a size of about 50 nm in a method 
according to claim 30 . 
[Claim 37] 

It is at least one movable modulation element of an optical minute electric machine system (MEMS), 
The front-face side, 

In operating wavelength including at least one radiation resistance layer on said front-face side in which said radiation resistance 
layer is shorter than about 248 nm or it, it is reflexibility substantially to radiation , 
The above-mentioned movable modulation element. 
[Claim 38] 

The above-mentioned element which is transmission nature substantially in operating wavelength in the element according to 
claim 37 whose said movable modulation element and said radiation resistance layer are shorter than about 248 nm or it. 
[Claim 39] 

In the element according to claim 37 , said radiation resistance layer. The above-mentioned element containing at least one of a 
hafnium acid ghost (Hft^), magnesium fluoride (MgF2). an aluminum oxide (aluminum203), a silica dioxide (Si02), or lithium 
fluorides (UF2). 
[Claim 40] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 37 . 
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[Claim 41] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 37 . 
[Claim 42] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 37 . 
[Claim 43] 

A described method which is a flat surface where said front-face side has 2 nm or better RMS in a method according to claim 
37. 

[Claim 44] 

It is the element according to claim 37 . and is a pan, 

The rear-face side of said movable modulation element, 

At least one antireflection layer formed on said rear-face side, 

******, the above-mentioned element. 

[Claim 45] 

It is the element according to claim 43 . and is a pan, 

A non-movable substrate under said movable modulation element which said moving element combines in movable, 
At least one antireflection layer formed in said a part of non-movable substrate, 
******, the above-mentioned element. 
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[Abstract] 

This invention contains the method and element which improve the radiation resistance of a movable minute machine optical 
element. . Produce, when the owner pulsed laser energy of an energy density smaller than the 100-micro joule per square " 
centimeter is especially exposed in the wavelength of about 248 nm or less. A radiation resistance layer suitable for decreasing 
change of the surface in an element and a bulk material is added to a movable minute machine optical element. 
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540 

[Claim(s)] 
[Claim 1] 

It is how to improve resistance to damage caused by radiation in an optical minute electric machine system (MEMS) containing at 
least one movable modulation element, and said damage is produced from a low fluence and an addition pulse of electromagnetic 
radiation of short wavelength. 

At least one radiation resistance layer is formed on the front-face said at least one movable modulation element side, 
******, a described method. 
[Claim 2] 

A described method which is reflexibility substantially in operating wavelength in a method according to claim 1 in which said 
radiation resistance layer is shorter than about 248 nm or it. 
[Claim 3] 

In a method according to claim 1, said radiation resistance layer. An oxide (Hf a Ot,) of hafnium, fluoride of magnesium (Mg e F x ), A 
described method containing at least one of fluoride (La p F x ) of a lantern, an oxide (aluminum s O t ) of aluminum, an oxide (Si y O x ) of 
silicon, or fluorides (Li^F z ) of lithium. 
[Claim 4] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 1. 
[Claim 5] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 1 . 
[Claim 6] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 1. 
[Claim 7] 

A described method with which said placing radiation resistance layer is activated in a method according to claim 6. 
[Claim 8] 

A described method with which said placing radiation resistance layer comprises placing element boron and carbon in a method 
according to claim 7. 
[Claim 9] 

Including being the method according to claim 1 and forming further two or more radiation resistance layers, said two or more 
radiation resistance layers, a placing layer by which an oxide of hafnium, an oxide of aluminum, an oxide of silicon, fluoride of 
magnesium, fluoride of calcium, fluoride of lithium or boron, and carbon were activated, and ** — a described method of at least 
one inside to include. 
[Claim 10] 

A described method in which said radiation resistance layer has a thickness of about 30 to 70 nm in a method according to claim 
1. 

[Claim 11] 

A described method in which said radiation- resistance layer has a thickness of about 2 to 50 nm in a method according to claim 
1. 

[Claim 12] 

A described method in which said radiation resistance layer has a thickness of about 50 to 100 nm in a method according to 
claim 1. 

[Claim 13] 1 

A described method with which said movable modulation element contains aluminum in a method according to claim 1. 
[Claim 14] 

A described method with which said movable modulation element includes material of one or more of a silicon nitride, silicon, 
titanium, tantalum, or the tungsten in a method according to claim 1. 
[Claim 15] 

A described method in which said material composition of on a method according to claim 1 and as opposed to said radiation 
resistance layer is the average bulk composition from the upper part of said layer to the lower part of said layer. 
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[Claim 16] 

A described method in which said material composition to one with said two or more radiation resistance layers arbitrary in a 
method according to claim 3 is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 17] 

A described method which is the method according to claim 1 and includes forming further a reflecting layer containing one or 
more of aluminum, silver, and the gold before forming said radiation resistance layer. 
[Claim 18] 

A described method which said movable modulation element has the rear-face side, and includes forming at least one 
antireflection layer on said rear-face side further in a method according to claim 1. 
[Claim 19] 

A described method with which said antireflection layer contains CaF2 or MgF2 in a method according to claim 18. 
[Claim 20] 

A described method with which said antireflection layer contains fluoride of magnesium or calcium in a method according to claim 
18. 

[Claim 21] 

A described method in which said antireflection layer has a thickness of about 15 to 80 nm in a method according to claim 18. 
[Claim 22] 

A described method in which said antireflection layer has a thickness of about 40 to 60 nm in a method according to claim 1 8. 
[Claim 23] 

A described method in which said antireflection layer has a thickness of about 60 to 80 nm in a method according to claim 18. 
[Claim 24] 

A described method with which said movable modulation element transmits electromagnetic radiation in a method, according to 
claim 1. 
[Claim 25] 

In a method according to claim 24, said movable modulation element is a transparent described method substantially to 
wavelength of 248 nm or less. 
[Claim 26] 

A described method with which said movable modulation element contains an oxide of silicon in a method according to claim 24. 
[Claim 27] 

A described method with which said radiation resistance layer contains one layer in a method according to claim 24. 
[Claim 28] 

A described method with which said radiation resistance layer contains two or more layers in a method according to claim 24. 
[Claim 29] 

A described method with which said radiation resistance layer contains fluoride of magnesium or calcium in a method according 
to claim 24. 
[Claim 30] 

A described method in which said radiation resistance element is an oxide of two, aluminum beyond it, or silicon in a method 
according to claim 24. 
[Claim 31] 

A described method which is the method according to claim 1 and includes carrying out flattening of said front-face side further 
before forming said radiation resistance layer. 
[Claim 32] 

A described method with which said front-face side has good RMS surface smoothness from 2 nm after said flattening in a 
method according to claim 31. 
[Claim 33] 

A described method with which said front-face side has good RMS surface smoothness from 1 nm after said flattening in a 
method according to claim 31. 
[Claim 34] 

A described method with which said front-face side has good RMS surface smoothness from 0.5 nm after said flattening in a 
method according to claim 31. 

[Claim 35] * . 

A described method which contains CPM which uses an abrasive grain of a size in which said flattening is smaller than 300 nm in 
a method according to claim 31. 
[Claim 36] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 70 nm in a method 
according to claim 31. 
[Claim 37] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 50 nm in a method 
according to claim 31. 
[Claim 38] 

It is at least one movable modulation element of an optical minute electric machine system (MEMS), 
The front-face side, 

At least one radiation resistance layer on said front-face side, 
****** tne above-mentioned movable modulation element. 
[Claim 39] 

The above-mentioned element which is reflexibility substantially to radiation in operating wavelength in the element according to 
claim 38 in which said radiation resistance layer is shorter than about 248 nm or it. 
[Claim 40] 

The above-mentioned element which is transmission nature substantially in operating wavelength in the element according to 
claim 38 whose said movable modulation element and said radiation resistance layer are shorter than about 248 nm or it. 
[Claim 41] 

In the element according to claim 38, said radiation resistance layer, The above-mentioned element containing at least one of a 
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hafnium acid ghost (HfC^). magnesium fluoride (MgF2), an aluminum oxide (aluminunr^Os), a silica dioxide (SiC^). or lithium 
fluorides (LJF2). 
[Claim 42] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 38. 
[Claim 43] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 38. 
[Claim 44] 

A described method which is a said radiation resistance layer placingHayer by the side of a front face of said movable modulation 
element in a method according to claim 38. 
[Claim 45] 

A described method which is a flat surface where said front-face side has 2 nm or better RMS in a method according to claim 
38. 

[Claim 46] 

It is the element according to claim 38, and is a pan, 

The rear-face side of said movable modulation element, 

At least one antireflection layer formed on said rear-face side, 

******, the above-mentioned element. 

[Claim 47] 

It is the element according to claim 45, and is a pan, 

A non-movable substrate under said movable modulation element which said moving element combines in movable, 

At least one antireflection layer formed in said a part of non-movable substrate, 

******, the above-mentioned element. 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

(Field of invention) 

This invention contains the method and element which improve the radiation resistance of a movable minute machine optical 
element. . Produce, when the owner pulsed laser energy of an energy density smaller than the 100-micro joule per square 
centimeter is especially exposed in the wavelength of about 248 nm or less. A radiation resistance layer suitable for decreasing 
change of the surface in an element and a bulk material is added to a movable minute machine optical element. 
[Background of the Invention] 
[0002] 

(The background of invention) 

The optical minute electric machine system (MEMS) or the spatial-light-modulation machine (SLMs) is used in a movie, a 
presentation projector, and television, in order to generate the image for a televiewer today. A pattern usually appears on the 
wide range surface like a projection screen or a viewing plate. In such applications, visible wavelength light (400 to 800 nm) is 
used. MEMS is used again as a switch which turns the beam of light to other optical courses from one optical course. In 
switching application, normal use of not the ultraviolet radiation that is shorter wavelength but the light of a visible wavelength is 
carried out. 
[0003] 

this invention person and their coworker applied SLMs to the micro lithography process included in semiconductor device 
manufacture recently. SLMs is more detailed, smaller, and it is used in order to generate the picture packed more to high density. 
In order to describe the picture packed small and with high density, it is required to use a light of short wavelength shorter than 
the inside of an ultraviolet spectrum or it. Electrostatic activity-ization is used in order to deflect a micro mirror. In order to 
generate power, it is generated between the electrodes whose voltage is two. One electrode is static and other electrodes are 
attached to an actuator like a movable micro mirror, for example. For example, SLM which has an array of an actuator used in a 
mask writing tool or a chip fabrication tool, It is loaded with a' specific pattern, and an actuator is in the state or the state where 
an address is not carried out by which the address was carried out here, when relaying or transmitting the beam of 
electromagnetic radiation on a manufactured product. The beam of this relayed electromagnetic radiation contains the stamp of 
the pattern which should be printed on the above-mentioned manufactured product. This pattern may be the subset of a pattern 
or the perfect pattern which should be printed on a mask or a chip, respectively. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0004] 

Therefore, the opportunity to develop the method and element which are fitted so that SLMs may be used with short wavelength 
arose, having understood the problem which uses SLMs with the light of short wavelength containing wavelength shorter than 
about 248 nm or it, and prolonging the usefulness and the life of a MEMS element effectively. 
[Means for solving problem] 
[0005] 

(Outline of invention) 

This invention contains the method and element which improve the radiation resistance of a movable minute machine optical 
element . Produce, when the owner pulsed laser energy of an energy density smaller than the 100-micro joule per square 
centimeter is especially exposed in the wavelength of about 248 nm or less. A radiation resistance layer suitable for decreasing 
change of the surface in an element and a bulk material is added to a movable minute machine optical element. 
[0006] 

(DETAILED DESCRIPTION) 

The following detailed explanation is given with reference to drawing 1-9. A desirable embodiment is described in order to 
indicate the technology of this invention, and it does not restrict the range of the claim defined here. Various equivalent change 
will be recognized on the occasion of the following explanation by the engineer of this field. 
[0007] 
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The micro lithography SLMs uses the array of a very small precise movable optical modulator, or an optical element like a mirror. 
A reflectecHight study element may be tens of microns from several microns at one side. The SLM array containing such two or 
more elements can be from a thing smaller than one centimeter on one side even to tens centimeters in one side. The thickness 
of an optical element may be the thickness of 1 - 2 microns, or 350 to 700 nm, or may be more thinly [ than this ] thick. 
Desirable surface smoothness (buckling of the mountain of a single reflective element to a valley) may be precise about four to 
ten nm over 16 microns, and may be more precise. The both sides of surface surface smoothness and mechanical stability (the 
resistance to an edge curl is included) may be required. The lives with a desirable element may be 10 billion or 100 billion pulses 
from 1 of radiation, and many mechanical deflections. It is because an element creates a desirable micro lithography pattern, so it 
is adjusted. 
[0008] 

As compared with SLMs used in order to generate a picture for a televiewer, the micro lithography SLMs uses light of short 
wavelength rather than having energy per higher photon. A photon of higher energy has high capability rather than changing 
materially the surface of an optical element, and a physicochemical quality of bulk. It is observed that a high-energy-light child 
may change an optical property of an optical element in light of short wavelength between development. Generally, a net change 
per [ in character of a reflector in a fixed fluence ] photon is in inverse proportion to wavelength of exposure electromagnetic 
radiation. Generally, change per [ in the surface of an optical element and/, or bulk character ] photon is so larger that 
wavelength of electromagnetic radiation is shorter. Change as a result in bulk of an optical element and character of material is 
irreversible, and cumulative. Change in character of a micro lithography SLMs optical element. is desirably irreversible. It is 
because the quality of a picture which change decreased fidelity, therefore was generated is lowered. 
[0009] 

A reflected-! ight study element is formed from a desirable material of high reflectance like aluminum. In a larger pulse ratio than 
500 Hz and wavelength of 248 nm or less, an exposure high-energy- light child who has a pulse is reflected from the surface of a 
movable optical element in an energy density smaller than the 100-micro joule per square centimeter. A photon which collides 
may affect the surface and bulk character of an optical element mutually. 
[0010] 

Use of the reflection SLM is not restricted to using such SLM for laser pattern generation. It has intention of the range of a 
claim so that movable and static, other reflections, and transmission optical element out of use of such technology for the 
pattern generation based on the laser in an energy density and wavelength which are specified here may be included. Although 
there are the photonic switch and MEMS shutter array for a scanning mirror and communication as an example, it is not limited 
to these. 
[0011] 

It depends on the surface and the bulk character of an optical element for the type of change which can be predicted heavily. 
When electric conduction, an insulation, and the charge of half-guide members are exposed by the light of the same wavelength 
and a fluence, reactions differ. Change caused with the photon in the bulk and surface properties of an optical element can be 
measured directly or indirectly. The material change to a mirror can measure quantity directly by the granularity of hardness, 
chemical composition, and the surface, the loss of material, the change in thickness, or change in the form of an optical element. 
The change in the optical property of a mirror can measure quality through the change in reflectance, regular reflectance or non- 
regular reflectance, a luminosity, or contrast. 
[0012] 

It is observed that the regist-patterning processing used in order to define the optical element of SLM leaves a residual 
substance after that so that exposure by environment may be so. A resist process or residual carbon from other sources is 
observed on the surface of an optical element. Sample structure (what is called a sample with a mirror) contained 350-nm-thick 
aluminum / magnesium / silicon alloy film on photoresist. The annealing of such sample structures was carried out in 160 ** for 
12 hours. What is called structure "processed" was exposed by 90 million of a 248-nm laser beam, 2.5 mJ/cm 2 , and the 25-ns 
pulse in 500 Hz. Other sample structures (what is called a mirror-less sample) had 1 000-nm-thick aluminum / magnesium / 
silicon alloy film without annealing on the single crystal silicon substrate. Some mirror-less samples were processed when low 
energy density and a high energy laser pulse were exposed. Sample structure was analyzed. 
[0013] 

In two monolayers of the surface upper part, analysis of the sample showed existence of high carbon relatively. Carbonaceous 
content was decreasing substantially in about 9 nm inside from the surface. The layer of the aluminum oxide seemed to have 
mixed with carbon. The particle of the alloy was observed in the surface and considered to be a by-product of sputtering 
adhesion so that it might be predicted. The particle appeared in. the size of the order of 20 to 25 nm. In some processed samples, 
the particje of the alloy was emitted from the surface, and it was removed finely, and seemed to leave the surface which leaves 
without completely moving, without changing an aajoining particle, and includes a hole 20 - 30 nanometers deep and which is not 
even. Desorption of the particle from the surface An H. helluva alder, L WIDOMAN, and H.S. Kim, "The relevance to the 
photophysical processing and atomic layer processing in a low fluence UV laser material interaction", It is in agreement with an 
experimental result without advanced MATERIARUSU Fau optics and electronics, Vol.2, 31 - 42 pages, and the relation to this 
invention of 40 (1993). 
[0014] 

The surface hardness of an unsettled structure was also measured with finishing [ processing ]. When the result analyzed as the 
power applied by the hysterics TIRON try boss Co-op TM analyzer using AFM was combined, it was thought that the surface of 
the processed sample was harder than the surface which resists by osmosis by analysis investigation, therefore is not processed. 
The film considered that the TEM picture of the processed sample with a mirror is the non-same quality physicochemically, and 
is mixing of aluminum and oxygen with much carbon, magnesium, and silicon was shown. It was surmised that the loss of material 
(oxygen and particle) and the combination of strengthening of surface hardness were connected with the curve of five to 20 nm 
observed covering the element face with a width of 16 microns of mirror structure after processing. 
[0015] 

In accordance with these observation to these observation, the method for processing of the optics MEMS of the schedule [ in / 
about 248 nm ] exposed by wavelength shorter than it was developed. Before flattening buffing removes a mirror from the resist 
located under mirror structure, it may be applied to a mirror, and more generally, it may be applied to the optical MEMS structure 
of the schedule exposed by short wavelength. As for CMP buffing, in order to make surface granularity small, it is desirable to 
use a very small abrasive grain. Buffing may be adopted so that fully for removing a particle and smoothing from the surface of 
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the optics MEMS. It is thought that a particle has the change and the relation after the exposure to the surface and the bulk 
character of a reflected-light study element. Buffing may be adopted so that fully for removing a particle from the surface of a 
mirror. It is expected that the slurry based on suitable pH and viscosity, and the other silica that sets and has a particle with a 
size of 50 or 70 nm is helpful. More generally 300 nm or a smaller abrasive grain may be helpful for the size of particles. Other 
slurries which use different abrasive soap may often be equally helpful, being developed by the ACSI group of ATM I and Inc. — 
brand-name Plana Kern, OS, and a series oxer — ide — the slurry currently sold in the name of the SMP. slurry has a desirable 
small grain size. Flattening composition for the structure of these slurries to remove US,5,993,685,B and a metal membrane 
(November 30, 1 999), It is thought that it is based on the research explained to the flattening composition and the method 
(November 27, 2001) for removing the flattening composition (July 31, 2001) for removing No. 6,267,909 and a metal membrane 
and No. 6.322,600, and an internal layer dielectric film. Buffing which removes about 5-30, 5-20, 5-10, 10-20, 20-30, the range 
containing 50 to 100 nm, 5, 10, 20, 30 and 50, 100 nm, or the material not more than it by composition of the optical MEMS 
surface may be performed. The marginal size of buffing changes with surface configurations. Surface granularity can be observed 
and measured using an atomic force microscope. 
[0016] 

Drawing 9 shows the embodiment of the movable microoptics element. A movable optical element may be Motoko Kagami in a 
spatial-light-modulation machine (SLM) array. This mirror lets the range of a deflecting angle pass, or may be deflected by the 
binary number maximum or zero deviation. Motoko Kagami's deviation may be linearity or non-linearity as a function of an input 
signal. 
[0017] 

In drawing 9, generally the movable optical element 10 is a rectangle, and is supported on 1 set of torsion hinges 60 along with 
one of omitted portions. Movable optical elements may be arbitrary forms, for example, may be a polygon, and circular or an 
ellipse form. The above-mentioned hinge is supported by the support element 50. The movable minute element 10, the torsion 
hinge 60, and the support element may comprise the same material that is aluminum or a different material, for example. The 
substrate 20 contains the electric conduction electrodes 30 and 40. The electrodes 20 and 30 are connected to the circuit (not 
shown) made in the substrate 20. If potential difference is applied between one and the above-mentioned optical element of an 
electrode, electrostatic force will be accumulated and, thereby, it will be electrostatically drawn by the above-mentioned movable 
optical element (it deviates). 
[Best Mode of Carrying Out the Invention] 
[0018] 

Embodiment 1 

Drawing 1 is a sectional view of the 1st embodiment of the micro mirror structure 100. The structure 100 contains an optical 
element or the front face 120, the supporting structure 123, and the substrate 140. The supporting structure has attached the 
optical element 120 to the substrate 140. A substrate contains at least one electrode used in order to draw the element 120 
electrostatically. As for the moving element, in the front face, the layer is made from the radiation resistance coating 110. The 
radiation resistance layer 110 may be reflexibility substantially. Substantially, although it is desirable for reflectance to be larger 
than 20% as for the reflexible surface, it is not limited to this. This reflectance level is lower in high frequency / low wavelength 
than it can set to a visible range. Before contacting the front face 120, by making an energy density small, the damage caused 
with the photon to the surface and the bulk character of the reflected-light study element 120 which were exposed caused by a 
low fluence and the high-energy-light child decreases. A low fluence characterizes it as the fluence per [ lower than the 100 
micro joule per square centimeter ] one pulse. The mirror element 120 may comprise aluminum. A silicon, nitride, silicon, titanium, 
tantalum, or tungsten may also be included without aluminum or aluminum. The foundation structure of a movable optical element 
Aluminum, a silicon nitride, silicon, titanium, tantalum, tungsten, or other materials which were mutually used as the layer or were 
compounded and ** without enough ductility which can fully be deflected by the elastic hysteresis it is considered that is a slight 
quantity — although material [ like ] can be comprised, it is not limited to these. A reflecting layer can be attached including 
aluminum, silver, gold, and a certain reflector for which it was, and it crawled and was suitable from other ones of shoes, although 
not illustrated individually. 
[0019] 

The radiation resistance layer 110 Oxide; yttrium or scandium; or magnesium of hafnium, silicon, and aluminum. Fluoride of 
calcium, a lantern, lithium, molybdenum, sodium and aluminum, neodymium, gadolinium, or aluminum; they may be silicon 
compound [ of molybdenum ];, one layer which comprises the carbide of boron again, or two or more layers. For example, 4 to six 
mutual layers of the oxide of aluminum and silicon may be used. In other embodiments, the layer of many layers, 50, or 1 00 may 
be used. Using many layers Angela DEYUPARE, Stephen Jaco Bus & Nor Bert Kaiser, Reference is made in "influence on the 
quality of optical coating for a substrate face and UV spectral region of membranous granularity", SPIE Vol.31 10, and a situation 
that sets and is different without 509 - 516 pages, and this document has mentioned the system which has 49 layers in 510 
pages. N. Keyser, H. you rig, U.B. SHAREMBAGU. B. Anton, U. Keyser, K. Martin, E. Eve, "high damage threshold value ( 
aluminum 2 03/Si02 dielectric coating for excimer laser", Even if it sets without Singh solid Phil Mus. No.260, and 86 - 92 pages 
(1995), reference is made, and this has mentioned the system of 24 layers in 87 pages. A radiation resistance layer may be 
attached by known adhesion and ion implantation technology. Adhesion technology includes sputtering, CVD, electronic vacuum 
deposition, laser evaporation and laser, or plasma enhancement oxidation. 
[0020] 

The reflector of a mirror can be smoothed as mentioned above in advance of adhesion of desirable radiation resistance coating 
by the surface smoothing technology in which it was suitable from chemical mechanical polishing (CMP) or some of other ones. 
As for the front face of a movable optical element, it is desirable to have advanced smoothing. This is considered to be useful to 
make the interaction to an irradiation light child's surface into noninterfering. As for smoothing of the surface of an optical 
element, it is more desirable that it must be smaller than 2nmRMS (root mean square), and is smaller than InmRMS, and it is still 
more desirable that it is smaller than O.SnmRMS. 
[0021] 

Reducing the wavelength of 248 nm or less substantially to the low fluence photon which it has is expected in the loss or damage 
to reflexible which produces such radiation resistance coating from the addition pulse of a large number which exceed 1 billion. It 
is expected that it remains while it has been flatter even if the surface has each addition pulse. 
[0022] 

The embodiment in drawing 1 shows the antireflection coating 130 on the rear face of the above-mentioned mirror element 120, 



http://www4.ipdl.inpit.go jp/cgi-bin/tnm_web_cgi_ejje?atw_u^ 4/5/201 1 



Page 8 of 1 7 



the above-mentioned supporting structure 123, and the above-mentioned substrate 140 located in the bottom containing the one 
electrode 150 even if small. The antireflection coating 130 The fluoride of magnesium or calcium or silicon and/, or the oxide of 
aluminum, Or one or more layers of coating for which it was suitable from some of other ones which have quality of acid 
resistibilrty in the wavelength used may be comprised. The antireflection coating 130 decreases a reflection of the imitation which 
may be able to be set under the reflector of the SLM element which may cause degradation of the fidelity of the reflected 
picture which is generated by the optical element of SLM. Such the quality of acid resistibilrty of radiation resistance coating can 
provide the protection to the circuit located in the bottom which may be sensitive to the photon of short wavelength with such 
high energy. 
[0023] 

The thickness of radiation resistance coating is usually within the limits of two to 1 50 nm. It is desirable that it is within the limits 

of five to 100 nm, and it is more desirable that it is in within the limits which is ten to 50 nm. 

[0024] 

The thickness of antireflection coating is usually within the limits of 15 to 80 nm. It is desirable that it is within the limits of 15 to 

70 nm, and it is more desirable that it is in within the limits which is 20 to 60 nm. 

[0025] 

If the sectional view in drawing 1 is compared with the isometrical drawing of drawing 9, it is clear that it is not necessary central 
vertical structure's 123 to have the same installation area as the light modulation structure 120. That is, the torsion hinge 60 may 
be formed so that it may have the support 50 in one of ends. Much reflexibility and transmission nature geometry can obtain 
profits from application of this invention, having the various structures for supporting the light modulation structure 120. 
[0026] 

Embodiment 2 

Drawing 2 is a sectional view of the 2nd embodiment of the micro mirror structure 200 of this invention. The above-mentioned 
structure 200 contains the optical element 220, the supporting structure 223, and the substrate 240. The supporting structure 
has attached the optical element 220 to the above-mentioned substrate 240. A substrate contains at least one electrode which 
draws the above-mentioned optical element 220 electrostatically. The mirror element is covered by the radiation resistance 
coating 210. The above-mentioned coating decreases substantially the influence in the bulk and the surface which are caused to 
a photon on the reflective element 220 when a low fluence photon is exposed in the wavelength of 248 nm or less. 
[0027] 

The reflected-light study element 220 may comprise the reflective coating or the substrate for which wavelength was suitable 
from aluminum or some of other ones. The radiation resistance/coating 210 may comprise one or more things of hafnium, 
aluminum, the oxide of silicon or calcium, magnesium, the fluoride of lithium, or the carbide of boron. Platina ** palladium, a 
ruthenium, rhodium, a rhenium, osmium, or metal like iridium can be used also as radiation resistance coating. It may be single or 
a multilayer coating tip may be adhered. The radiation resistance coating 210 may adhere by known ion implantation technology 
in known adhesion (deposition) and/, or this field. It is activated, and the optica! element by which ion implantation was carried 
out uses a well-known standard annealing procedure for the engineer of this field, and is good also as radiation resistance by an 
after-placing annealing. The upper surface of the reflected-light study element which is not coated may be smoothed before 
forming the radiation resistance coating 210. 
[0028] 

The radiation resistance coating 210 is substantially decreased to low fluence wavelength light of 248 nm or less from the 
addition exposure which exceeds 1 billion for a luminosity and the wastage rate of contrast. The radiation resistance coating 210 
has the loss of equivalent reflexibility to several 1 billion pulses, and makes the resistance to the above-mentioned radiation 
increase from the range of hundreds of millions pulses to them. Radiation resistance coating protects the surface from chemical 
and the physical change which are caused with a photon selectively forming the cover which decreases the number of the 
photons which arrive at a reflector, and by fixing the atom and efectron of a reflected-light study element on that occasion 
[0029] 

Like drawing 1, the embodiment in drawing 2 is illustrated again so that it may have the antireflectjon coating 230 on the rear 
face of the above-mentioned mirror element 220, and at least a part of above-mentioned supporting structure 223, but on the 
above-mentioned substrate 240 located in the bottom which contains the one electrode 250 even if small, it does not have it. 
The antireflection coating 230 The fluoride of magnesium or calcium or silicon and/, or the oxide of aluminum, Or one or more 
layers formed by the adhesion of coating which was suitable from some of other ones which have quality of acid resistibility in 
the wavelength used may be comprised. The above-mentioned antireflection coating 230 decreases a reflection of the imitation 
under the reflector of the SLM element which may cause degradation of the fidelity of the reflected picture which is generated 
by the reflected-light study element of SLM. Such the quality of acid resistibility of coating can provide the protection to the 
circuit located in the bottom which may be sensitive to the photon of such high energy and short wavelength 
[0030] 

Embodiment 3 

Drawing 3 shows the 3rd embodiment of the micro mirror structure 300. in this example — the antireflection coating 330 — the 
above the substrate 340 which contains the one electrode 350 even if small — a wrap — it is illustrated like. The rear face 
and the above-mentioned supporting structure of the above-mentioned mirror element 320 are not covered with the above- 
mentioned antireflection coating. 
[0031] 

Embodiment 4 

Drawing 4 shows the 4th embodiment of the micro mirror structure 400. The above-mentioned structure 400 contains the mirror 
element 420. the supporting structure 423, the substrate 440, and at least one electrode 450 like other embodiments. The mirror 
element 420 is covered with the radiation resistance coating 410. In this example, antireflection coating is omitted thoroughly 
[0032] 

In drawing 1 and the embodiment shown in 2, 3, and 4, it may be thought that a mirror element contains an optical element and a 
constituent child. Optics and a constituent child may comprise one basic material like the alloy of aluminum or aluminum 
[0033] 

Embodiment 5 

drawing 5 is based on this invention — being the further — others — the embodiment is shown and the mirror constituent child 
520 may be covered by the optical element here on the front face 522, its rear face 521, or its both. The mirror constituent child 
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520 in this case A silicon nitride, titanium, tantalum, material like tungsten that does not have ductility more, Or material without 
the ductility for which few deviation hystereses like the compound of material without silicon or similar ductility are shown, or it 
was suitable from some of something else which does not show a deviation hysteresis may be comprised. 
[0034] 

The micro mirror structure 500 is dramatically similar with the structure shown in drawing 1. The mirror constituent child 520 
may comprise single element composition, or may comprise aluminum, copper, and an alloy like the alloy of silicon. The 
constituent child 520 may be the accumulated structure containing two or more layers of a different material. The material in the 
structure which was accumulated as for the account of the upper may be designed make any temporary modification of a mirror 
into the minimum effectively when temporary modification continues for a long time than the time between pulses. 
[0035] - • 

The optical element 522 may be an alloy of aluminum and aluminum, silver, gold, or other suitable arbitrary materials that have 
high reflectance. 
[0036] 

The radiation resistance element 510 can be one layer or two or more layers as mentioned above. 
[0037] 

An aluminum micro mirror may be hardened by boron carbide. Boron carbide may be attached to an aluminum micro mirror by the 
ion implantation of a boron ion and a carbon ion. The annealing of the micro mirror may be carried out by thermal annealing after 
placing, for example. 
[0038] 

Embodiment 6-8 

The reference number in drawing 5 is equivalent to the reference number in drawing 1, and the number 100 is exchanged for the 
number 500. The same rule also as drawing 6-8 is applied, the feature in drawing 6 corresponds to drawing 2, drawing 7 
corresponds to drawing 3, and drawing 8 corresponds to drawing 4. The above-mentioned explanation is applied to the feature 
shown in drawing 6-8. 
[0039] 

One mode of this invention is a method for improving the resistance to the damage caused by radiation of an optical minute 
electric machine system (MEMS). MEMS may also contain at least one movable modulation element. The damage to a modulation 
element may be produced from a low fluence and the addition pulse of the electromagnetic radiation of short wavelength. The low 
fluence as used in this situation means low energy density. This method includes forming at least one radiation resistance layer 
on the front-face at least one movable modulation element side. According to this method, in operating wavelength shorter than 
about 240 nm or rt, a radiation resistance layer may be reflexibility substantially. A radiation resistance layer may also contain the 
oxide of at least one hafnium, aluminum, or silicon. A radiation resistance layer may also contain the fluoride of at least one 
magnesium, a lantern, or lithium. A radiation resistance layer may also include the combination of an oxide and fluoride. A 
radiation resistance layer may also contain a placing layer. This layer will be driven in on the front-face a movable modulation 
element side. Placing may also contain boron and carbon. Placing may be activated. Annealing like heat annealing may be used for 
activation. One radiation resistance layer or two or more radiation resistance layers may have a thickness of about 30 to 70 nm. 
It may have a thickness of about 2 nm to 50 nm, or 50 to 100 nm. A movable modulation element may also contain one or more 
of the materials of aluminum or a silicon nitride, silicon, titanium, tantalum, or tungsten. The material composition to a radiation 
resistance layer may be the average bulk composition from the upper part of a layer to the lower part of a layer. A reflecting 
layer may be formed before forming a radiation resistance layer. A reflecting layer may also contain one or more of aluminum, 
silver, or the gold. A movable modulation element may have the rear-face side, and a method may also include forming one 
antireflection layer or two or more antireflection layers on the rear-face side of an element further. One antireflection layer or 
two or more antireflection layers may also contain the fluoride of magnesium or calcium, one antireflection layer or two or more 
antireflection layer thickness — 15 to 100 nm — or it may be 40 to 60 nm, or 60 to 80 nm again. A movable modulation element 
may be reflexibility or transmission nature. The transmission nature as used in this situation means a substantially transparent 
thing to the wavelength of 248 nm or less. A movable modulation element may also contain the oxide of the oxide of silicon and 
silicon, aluminum, or aluminum. Other modes of this example are carrying out flattening of the front-face side of a movable 
modulation element, before forming a radiation resistance layer. It may be good root-mean-square surface smoothness, as for 
the result of flattening, it is desirable that it is better than 1 nm, and it is more desirable than 2 nm that it is better than 0.5 nm 
over the surface of an element. In this situation, the element may be about 1 6 microns in width. Flattening may be performed 
using an abrasive grain of a size smaller than 300 nm like about 70 nm or about 50 nm. The element and mode which are 
explained here are combinable with various useful combination. 
[0040] 

The element as the result is manufactured corresponding to the above-mentioned method. One embodiment of this invention is 
at least one movable modulation element of the optics MEMS containing at least one radiation resistance layer the front-face 
side and on the front-face side. A radiation resistance layer may be reflexibility substantially to the radiation in wavelength 
shorter than 248 nm or it. A radiation resistance layer may also contain arbitrary things among composition of being explained 
here. The surface smoothness characteristic of an element may be explained in a method. A radiation resistance layer may be 
combined on a support non-movable substrate with one or more. antireflection layers formed on the rear face of a movable 
modulation element, or these both sides. 
[0041] 

Although this invention is indicated upwards with reference to the desirable embodiment and illustration which were explained in 
detail, it is understood that these illustration is not what restricts the range of this invention. It is thought that change of 
technology and the combination which were indicated upwards are easily invented to the engineer of this field. It will be 
considered that such change and combination are within the limits of this invention and the following claims. The desirable 
embodiment is described with reference to the movable reflective SLM optical element and the device. To the engineer of this 
field, MEMS structures other than the reflection SLM like the transmission SLM should also understand that profits can be 
obtained from the mode of this invention. To the transmission SLMs. a radiation resistance layer may be formed on transmission 
structure, and it may be chosen so that it may not be reflexibility in essence. For example, an antireflection layer may be formed 
on the front-face side of transmission structure, or the rear-face side. 
[Brief Description of the Drawings] 
[0042] 
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[Drawing 1]It is a sectional view of the 1st embodiment of the MEMS structure of this invention. 
[Drawing 2]!t is a sectional view of the 2nd embodiment of the MEMS structure of this invention. 
[Drawing 3]It is a sectional view of the 3rd embodiment of the MEMS structure of this invention. 
[Drawing 4]It is a sectional view of the 4th embodiment of the MEMS structure of this invention. 
[Drawing 5]It is a sectional view of the 5th embodiment of the MEMS structure of this invention. 
[Drawing 6]It is a sectional view of the 6th embodiment of the MEMS structure of this invention. 
[Drawing 7]It is a sectional view of the 7th embodiment of the MEMS structure of this invention. 
[Drawing 8]It is a sectional view of the 8th embodiment of the MEMS structure of this invention. 
[Drawing 9]!t is an isometrical drawing of an example of micro mirror structure. 
[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Written Amendment] 

[Filing date]Heisei 17(2005) March 9 (2005.3.9) 
[Amendment 1] 

[Document to be Amended]Claims 
[Item(s) to be AmendedjWhole sentence 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

It is how to improve resistance to damage caused by radiation in an optical minute electric machine system (MEMS) containing at 
least one movable modulation element, and said damage is produced from a low fluence and an addition pulse of electromagnetic 
radiation of short wavelength, 

In operating wavelength including forming at least one radiation resistance layer on the front-face said at least one movable 
modulation element side in which said radiation resistance layer is shorter than about 248 nm or it, it is reflexibility substantially , 
A described method. 
[Claim 2] 

In a method according to claim 1, said radiation resistance layer, An oxide (Hf a Ob) of hafnium, fluoride of magnesium (Mg e F x ), A 
described method containing at least one of fluoride (La p F x ) of a lantern, an oxide (aluminum s O t ) of aluminum, an oxide (Si y O x ) of 
silicon, or fluorides (Li^F 2 ) of lithium. 
[Claim 3] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 1. 
[Claim 4] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 1. 
[Claim 5] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 1 . 
[Claim 6] 

A described method with which said placing radiation resistance layer is activated in a method according to claim 5. 
[Claim 7] 

A described method with which said placing radiation resistance layer comprises placing element boron and carbon in a method 
according to claim 6. 
[Claim 8] 

Including being the method according to claim 1 and forming further two or more radiation resistance layers, said two or more 
radiation resistance layers, a placing layer by which an oxide of hafnium, an oxide of aluminum, an oxide of silicon, fluoride of 
magnesium, fluoride of calcium, fluoride of lithium or boron, and carbon were activated, and ** — a described method of at least 
one inside to include. 
[Claim 9] 
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A described method in which said radiation resistance layer has a thickness of about 30 to 70 nm in a method according to claim 
1. 

[Claim 10] 

A described method in which said radiation resistance layer has a thickness of about 2 to 50 nm in a method according to claim 
1. 

[Claim 11] 

A described method in which said radiation resistance layer has a thickness of about 50 to 100 nm in a method according to 
claim 1. 
[Claim 12] 

A described method with which said movable modulation element contains aluminum in a method according to claim 1 . 
[Claim 13] 

A described method with which said movable modulation element includes material of one or more of a silicon nitride, silicon, 
titanium, tantalum, or the tungsten in a method according to claim 1. 
[Claim 14] 

A described method in which said material composition of on a method according to claim 1 and as opposed to said radiation 
resistance layer is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 15] 

A described method in which said material composition to one with said two or more radiation resistance layers arbitrary in a 
method according to claim 2 is the average bulk composition from the upper part of said layer to the lower part of said layer. 
[Claim 16] 

A described method which is the method according to claim 1 and includes forming further a reflecting layer containing one'or 
more of aluminum, silver, and the gold before forming said radiation resistance layer. 
[Claim 17] 

A described method which said movable modulation element has the rear-face side, and includes forming at least one 
antireflection layer on said rear-face side further in a method according to claim 1. 
[Claim 18] 

A described method with which said antireflection layer contains CaF2 or MgF£ in a method according to claim 17 . 
[Claim 19] 

A described method with which said antireflection layer contains fluoride of magnesium or calcium in a method according to claim 
17- 

[Claim 20] 

A described method in which said antireflection layer has a thickness of about 1 5 to 80 nm in a method according to claim 17 . 
[Claim 21] 

A described method in which said antireflection layer has a thickness of about 40 to 60 nm in a method according to claim 1 7 . 
[Claim 22] 

A described method in which said antireflection layer has a thickness of about 60 to 80 nm in a method according to claim 1 7 . 
[Claim 23] 

A described method with which said movable modulation element transmits electromagnetic radiation in a method according to 
claim 1. 
[Claim 24] 

In a method according to claim 23 . said movable modulation element is a transparent described method substantially to 
wavelength of 248 nm or less. 
[Claim 25] 

A described method with which said movable modulation element contains an oxide of silicon in a method according to claim 23 . 
[Claim 26] 

A described method with which said radiation resistance layer contains one layer in a method according to claim 23 . 
[Claim 27] 

A described method with which said radiation resistance layer contains two or more layers in a method according to claim 23 . 
[Claim 28] . " 

A described method with which said radiation resistance layer contains fluoride of magnesium or calcium in a method according 
to claim 23 . 
[Claim 29] 

A described method in which said radiation resistance element is an oxide of two, aluminum beyond it, or silicon in a method 
according to claim 23 . 
[Claim 30] 

A described method which is the method according to claim 1 and includes carrying out flattening of said front-face side further 
before forming said radiation resistance layer. 
[Claim 31] 

A described method with which said front-face side has good RMS surface smoothness from 2 nm after said flattening in a 
method according to claim 30 . 
[Claim 32] 

A described method with which said front-face side has good RMS surface smoothness from 1 nm after said flattening in a 
method according to claim 30 . 
[Claim 33] 

A described method with which said front-face side has good RMS surface smoothness from 0.5 nm after said flattening in a 
method according to claim 30 . 
[Claim 34] 

A described method which contains CPM which uses an abrasive grain of a size in which said flattening is smaller than 300 nm in 
a method according to claim 30 . 
[Claim 35] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 70 nm in a method 
according to claim 30 . 
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[Claim 36] 

A described method with which said flattening contains CPM which uses an abrasive grain with a size of about 50 nm in a method 
according to claim 30 . 
[Claim 37] 

It is at least one movable modulation element of an optical minute electric machine system (MEMS). 
The front-face side, 

In operating wavelength including at least one radiation resistance layer on said front-face side in which said radiation resistance 
layer is shorter than about 248 nm or it, it is reflexibility substantially to radiation , 
The above-mentioned movable modulation element. 
[Claim 38] 

The above-mentioned element which is transmission nature substantially in operating wavelength in the element according to 
claim 37 whose said movable modulation element and said radiation resistance layer are shorter than about 248 nm or it. 
[Claim 39] 

In the element according to claim 37 . said radiation resistance layer, The above-mentioned element containing at least one of a 
hafnium acid ghost (Hf0 2 ), magnesium fluoride (MgF 2 ), an aluminum oxide (aluminum 2 03), a silica dioxide (SiO z ), or lithium 
fluorides (LiF 2 ). 
[Claim 40] 

A described method with which said radiation resistance layer contains an oxide of hafnium, an oxide of aluminum, or an oxide of 
silicon in a method according to claim 37 . 
[Claim 41] 

A described method with which said radiation resistance layer contains fluoride of magnesium, fluoride of calcium, or fluoride of 
lithium in a method according to claim 37 . 
[Claim 42] 

A described method which is a said radiation resistance layer placing-layer by the side of a front face of said movable modulation 
element in a method according to claim 37 . 
[Claim 43] 

A described method which is a flat surface where said front-face side has 2 nm or better RMS in a method according to claim 
37. 

[Claim 44] 

It is the element according to claim 37 . and is a pan, 

The rear-face side of said movable modulation element, 

At least one antireflection layer formed on said rear-face side, 

****** the above-mentioned element. 

[Claim 45] 

It is the element according to claim 43 . and is a pan, 

A non-movable substrate under said movable modulation element which said moving element combines in movable, 

At least one antireflection layer formed in said a part of non-movable substrate, 

******. the above-mentioned element. 
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[»^« 14] 

W#3IltelE*©73i£f«:*$^T\ MIEWS)^^^^ t4 , y^^gfttt> -> U n > , f- Z 
3b%^\,tZ>7*^y<D5%<D\^&Z^\tmi&<DVtft%:^ts, ±IE77?4 

50 
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c n * * i 53 

is * js i k is m <o n m k is v> t , Mtzi&M&mmictt? %mmttwmf$.te . itu 12 « © ± 

[1*91 6] 

W*«3t'E«©3!rffitc43t>T, BuI2$&©Jft*f&#i;Ji©ttS© 1 ofctt^rsifflieWI* 
StfiJUi, iTlE JI © ± €> 81^2® ©T^©¥^K;U 5, ±I2 73 ?£o 

c n * * i 7 ] 

a , tsiif^o? so i ?x'a*»*$tfS»i*)Biat5i: ts^ft, ± 12 73 a 

o 

[»«a.i s] 

fcio©E»l«±**iW^»iii«±fc«J***i:i:*$«j, ± 12 73 0 
[ IS * « l 9 ] 

M $ a 1 8fcEto*at*^T, IWIEE*HSlh«ttC a F 2 XiiMg F 2 * ^ tr , ± 
IB 75" }S o 

c is * m 2 o ] . 

is * js i 8 fc se m © -ft m k. * t> t , ta te g w it m tt , v y * a x « * /i/ •> a © 
7 v it m * ^ ts s ± 12 m o 

[»*S2 1] 

IS * H l 8 fc 12 « © 7? E *5 V> T , jffl IE g W ffi ± m tt , ftl.5nmfre&OninOfS 
±I2 75?£o 
[ IS * JS 2 2 ] 

IS M m 1 8 tC'ga « © ffi fc T, BuISR*tl55±« tt., *<J 4 0 n m 6' 6 O hmOf ? 
£££0, ± 12 73 7* o 
[ IS * * 2 3 ] 

IS M 31 1 8 K 12 « © 73 r£ E 33 ^ T , DGEHRjtltt^ «6'0 nmi>6 8 0 nmO'HJ 
±12 73 So 
[ IS * « 2 4 3 

is m m i e ib 4S © 77 ffi e *> ^ T , sfffBwrii^ism^tiflUKtt^^eiii-rs, ± is 73 & . 

C IS * * 2 5 3 . . . 

IS* 312 4 fCjB«©73 i£ *C *3V>T, itu IB WT ft g IE fg ^ t± . 2 4 8 n mWTOSlKWL 

Tjmwcaw-pss, ± ib 7j m o 
c is * a 2 6 3 

ISjRJS2 4EIB«073i4Efci/^T. HuIBpJft^ia^^«^Unyco^{b^^#ty, ±12 
[ IS * 31 2 7 3 

IS * JR 2 4 E 12 tt CO 75" & tC « ^ T , *J 12 » *f & $1 * tt 1 O © « * $ t? , ± 12 7? }£ » 

[ is m m 2 8 3 

IS5R3S2 4 &C 12 m © 73 K *3 V» T , HtI2»{*t}gSt*««^0*^^ty> ±I2 73}io 

[ IS * H 2 9 3 

IS * J« 2 4 (C 12 ft © 73- 1* K 43 ^ T , fu 12 S£ *t S fit JB tt > T ^ * * A X tt * rt/ A © 
7 >y ft « * $ tf s ± 12 73 ft o 
[ IS 5t< Ifi 3 0 3 

I8*J12 4 (C 12 « © 73 ffi tc ^ T , MEttfcffiiftJR^tt* 2 oXttf nW±07;l/5 = 
A £ 5 V> tt -> U 3 > © M it X' 3b 2> , ± 12 73 j* o 
[ IS * 31 3 1 3 

!t*3si (ciBs©73ftTfeoT*p)C, mfcmM&fcm*mi&? %<DK9tiL*> , mtet 

EfiJ*¥Sfk-r?>ci:^^ty>±I2 73'?*o 
[ IS * H 3 2 3 
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W**3 1fcE«©»ffi{CfeV^T, tu |g mi B ft fi , tu IB ¥ a CD m , 2 nmiOfi^R 
MS¥Stt%tt^, ± IB 7j & o 
CM-** 3 3] 

m * m 3 it ib « <o is m ic *5 ^ t , m is m ® m « , m is ¥ a ft <o % , i n m «t o a i> r 
[ w * m 3 4 ] 

. ffi * m 3 1 tC SB fc CO 7j £ fC is !/> T , hu IB tu ® ffl & , ftjj E ¥ ffl ft CO & , 0 . 5 n m «fc 0 
^RMSfitt*tt4, . 
[»*«3 5] 

IS * * 3 1 fC IB «. <0 7? j£ tC « l-> T , hu IB ¥ S ft , 3 0 0 nm J: !)/hSl>**S<Dfi«[ 
[1*13 6] 

3 1 K'EfO»8lC6^T, Si} IB ¥ ifi ft ti , «7 0nmO^n<!)att*ilt 
£>CPM£#C?, ±IB7jffi 0 
[ If * « 3 7 ] 

»*jS3 1^IBfgC0^S(Ct5V>T, W K ¥ S ft « , ^J50nmcO^:^^co5£!|!i%fgffl-r 
5C PM%ttf, ± IB # £ „ 
CW*« 3 8] 

Jt¥I'ht«itC/^fi'.(MEMS) < tt 1 OCO Bjm&fflM 1 ? X& i X , 

m m fflj £ , ( 

hu ib hu s iBij'co ± © '> * < ^fe i -d<dwl mm. fix € , 

**tr, ±IB5Tiu^II3lg^o 

c w * « 3 9 ] 

. If * Ut 3 8 IC IB 4G CO I =f- IC is ^ T , lu IB « W fi fix S (4., 2 4 8 nmXSf Hi Ofi^ 

n ft m & it is \,> x ■ , swicst it^iwtsKttt'j&ii^ ± ib m . 

[»*S4 0'] 

n m x a ^ n j; o jg v m fp m. & ic is v> x m n m tc m. m it x & % , ± ib » ? . 

H**3 8fClB«C0*^fCt3V>T, hu IB tt M fit « tt , A7-9ilft* ( H f O 2 ) 
, v^*$/<> A 7 -yfbft ( M g F 2 ) , 7';U = AKftW (A 1 2 O 3 ) „ ~ Wt i t T -f 
IK (S i O 2 ) » Xtt'Jf7A7yfk» (L i F 2 ) on'>4< i t I ±IB 
If. 
C M * JS 4 2 ] 

If 3 8 (CIBWC077 m ic fc^T, flft JJBSr*f«*iJi ti »• /<* 7 - ■> A £0 »{fc«u 7^5- 

•5 a co & ft ^ xtt u ^ xomitrnz-gts, ± IB T^^o 

[ If * J£ 4 3 ] 

««a-3 8EE«©*i6K*^T, WgBttWfiMWti-, ? ^ ^ v"? A ID 7 y f t ft > 
i">'A07y(k», X « U A © 7 -y itm^fStS, ±IB7fffi 0 

C I f * £ 4 4 ] 

M««3 8CEtO»ftKfe^T, mi IB a «■ & ffi * ti , St IB K £ M m =f <D hu S HQ K 

[ffi #JH 4 5] 

lf*3S3 8^cI^i^<077^^^i:^5^^T, tuIBHij®fiJti:> 2 nmXIUOI^RMS^StS 

¥afflT-fei),±iB7ja 0 

[ If * 31 4 6 ] 
IS * IS 3 8(tE103Rf TSoTSSK, 
HtllBSIKj^P^fco^SfWi:, 

hu ib Vk m m ± ic m m * n ^ y > * < 1 o co g at ± a , 
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[M$9 47] 
[ 0 0 0 1 ] 

( a w <r> ft wf ) 

*ISWtt, ^nfk'h**ft¥*?4>ttl*8«i*&A-r 3 ffi £ ifl ? £ # ?y 0 io 
iTSt^f^-jiaftO 1 0 0 v >7 D a - ^ «fc 0 /h £ V> x * ;l/ 4? - fg a ® w ;U X 
• lx - If • x * >U 4* — fc: ft 2 4 8 nm «T © « ft C *5 ^ T 25 3tt * ft -5 C tCJ; 0 £ D <2> , 
*^tfet*4a®**t;^<yl'*Wfios<t*W^**«ofc3iLfctt»fiiaS35ii', pJ Hi fit 

/h « « ye ¥ is ? k ii m * ft s . 

[ 0 0 0 2 ] 

( a h <d % ft ) 

*1iI'M*««J/7fA (MEMS) ««t^SnXSnfi (SLMs) fi-^B, 8i 

mm(Drztb<Dwm*£.i$.t ztztbic, mm & «t o- 7 s u -tf > -r - a > • f u v x * * * 
i> t± ir a - y • yi/- KOi^SEiiSioisiKins. cnf.ozyut-^a 

> fC *J !/■> T , Bj^&fi^ (4 00-800nm) tflffl?nT^5, MEMSttlft, # 
[ 0 0 0 3 ] 

#«w#*<fctfis& <o'm fl*«,«ifi> s LMs%¥#»*fii(cti nsv ^ ^ p <j 
v v -stitzm® iissts rcib ic&m ■$ ht^s. /j> <* < , ft & js t * s n & si & * 

fiS ¥ T 3 fc fi , ^ * h fe 5 Wi* ft J: 0 S8S<0^*{|ffit 5 c t*< 30 

*a fi T S . ■» « jg 14 ft « , ffl/hS«*ffl|Sii*-ttSfc46ft:ffiffl*ft* 0 

& , «ff^2o<o*a©BB-e^j«*fts 0 .iootSB»we*9, arj a 

&^mm'hmm<D & v % t z * 3l - * izm o ttif z t\r ^ z> <, juttfvx* • 9- ^ 

> 9 • y - )l, & % l> it =f- -y ~f m. m V ~ Jl> iC ^ T f$ ffl $ ft 3 , jl-?(7)7l/^^ 

<d tr - a * h ft p d d ± tc * is % s ^ » e 33t -r £> t # tc , r Hi/x?nftttiS5^«7 fu 

XSftTl^fcl^tf^fC&S. £ CD (f IK * ft ft « fiSt ft M <D tf - A « . ± 15 « ft P D P ± (c y y > 
h « ft i>^< ^-XD7.^>7°*^ty 0 C (D^ # — ft ^ft V X ^ S § (i f 7 

40 

[ a B£ CO ffl TTs ] 
[ 0 0 0 4 ] 

fifoT> $5 2 4 8 n mSS^lif ftj: OS^il^ttJ, SiftSOJtT' S L M-s 

? zmmzmmL , MEMs*?©wffltti3«fet;j9fl»*j»*WKjBitfu*^6, slms 

[»S*(Si*r-g)/ci4)cT)¥S] 
[ 0 0 0 5 ] 
(fg^coffig) 
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1 ¥ 7? -fe z/ =J- * — Z m Tc <o 1 0 OT^^D^a-;l/J; t)'h?^x^;^-ffiloS^;l/X 
• U-if • X * )V ¥ — iC ifa 2 4 8 nmWTOifiCfe^TSTtSnSLtlCtOSi;^, 

/j> « m ¥ x ? fc it *p * n § o 

[ 0 0 0 6 ] 

( « ^ O m SB ft ^ 91 ) 

[ 0 0 0 7 ]- 10 

v^nyvy^^SLMsli, ft # fC /h S < ft SB ft HI Id « & 31 IS ? (D T U , & 3 1 
l/i(d:M®J:5&:ft¥X?*fleAi-rS'. g *f ft ¥ fH ^ « , 100fllc6v»T»5i'nyfr6' 
at^P^T^ottJ:^. SSOCCiJj'jSif 5:tCf S LM7H'tt, 1 O CD tc 
43 t 1 -b V * - * <fc 0 /Jn S ^ fc CD 6 1 o ® flj fc v> T » + -tr — ? ft 3 

Lttft'tS. ft^UI^<DJP2ti, l-25^py$>3VM± 3 50-700nmCOff^T- 

fcffg^<DLUfr5,£<D?t§ft30 It, 1 6 5 * D y tc 9 4 - 1 0 nmifSftffiT'i&oT&.fc 

1 0 OlSfeSVUi 1 0 0 0 m tM\/ X 43 'J: £ m. (O ISt U W fc fc> to V & r> T fc <fc l>> o X ? « s 20 
[ 0 0 0 8 ] 

&m%<Drzib<Dmm%:±i£-r zrctbicmmz tiz s lm s t j± t& -r s i: , v * d u y 

S LM s fi , <fc OSi^^afttix^/i/^-^f tSiOI^iSSoft^IIt 

wesHt vaea**r-rs. miaoiniK, M«<Dfttc 43^-r, 

^©7;l/x>XK43^SS»®©1tKfc43lt*Jt?^fcO©ttK{t«, JSBW 

/Wl/ * 14 M fc 43 £ ft ^ ^ 0 © g ft ti <fc 0 * * i> 0 «^I^o^;^43J;tf«^(D 30 
14 K tc 43 £ $£ HI £ L T <D g ft ti , ^ rT iS» T * 5 JR »1W ? * s . v^>oyy^77^S 
LMsft^|g^cDl4Sltc43tf3 £ -ft tt , 3 * L < ft < ^ bJ iSS T' & « . git # £ * A & M '> 

[ 0 0 0 9 ] 

*X*Sr«, HSWilfX*;!/^— ft^fci, 5 0 0 H z «fc *) * t? tw^ )V 7> m 43 «fc If 2 4 8 n 
m W T O $ g fc 45 ^ T , 43ct:t>*l i p7j-tr>^^ — * ^ fc 9 1 0 0 V * P 'J a. — )\> <fe D 

? i^x^;i/^-^fifc43t>T, Ri«iJtt^jis ; ?<oatffi^6g*t*n* 0 «3g-t3ft^ti, ft 

[0010] , 40 

5WS L M CD M ffl fi , £ CD <fc 5 ft S L M?:l/-f • - > 4 ^©fc (C ffiffl f § C t 

fc ftj ffi £ ft ft i> , ffl ]R co IE a fi , c c fc W j£ S ft S J: 5 ft'x * /l/ :p — ffi * «fc » S K 
43 It § U - If tc m-3 < — >£&Ofzlb<D £ <D & 5 iZ&fficO&mM-lC&Z , AS O Rl » «5 

tc II £ $ ft ft o 
[001 1 ] 

t5, ^ « > »ft»4s«J:tfi|4#»»tt, RD&fi43<fctf:7;l/x>xcDfttcgSft£ft/c3§^ 
SJl&A^Sft3 0 ^^^^cD/^l/^43J;D*g®ttKtc43tt3J 1 e?tcJ;oT?I^Sai:^ftfc^ 50 
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it tt. m&& § t^ti m& ft tc fflfe-r s c t &v t § 0 swrnwasfbtt, «g % ft 

g ft fc «fc o T W. m S £ ffi 5 C £ T* £ 3 o *0«^WttKfCi3ttS«{bt4,-RW*, MS 
»**SV>«INjES»*, ^§?S5^li3>h77 MC & 3 g f t il L T H £ $J 3 £ 

[0012] 

(l/^^^If^ttl-y^;!/) t± , 3 5 0 n mOSfCT/l/Sr.^ A / v ^ * i/ h / is U 10 
3>^4I?:7* H/^XMEg/uT^fc, Cft 6 > 7 ivm&lii. , 1 6 0 °C fc *j V 
Tl 2 B# Rfl 7 x - ;U £ tl /c 0 l> fc> ti> 3 "SaiJnft" iiSii, 2 4 8 nmOb-f)t0 9 
0 0 0 7J , 2. 5 m J / c m 2 , 2 5 n s^/VXC 5.0 0 H z !Cfe^ T'S ^ J tl . ffi <D 
+>- y :/ ;Htf ifi (l>h'«i58ILtV7';l/'). (±, 1 0 0 0 n m©S?C7;l'$Z'Ji»/?y 

^ < o cd m M L tf > 7)\s « , fSx^^l/^-SBS, Bx*/^- • . A;l/XKS3t 

[0013] 

^fx^tlfco KfOfWiti, ISiO 9 n mlCfc'^tiSWlca^ LT^fto 7 ;l/ 20 

5 =. tj a k ft w of a , K^h?g-&Lfc«t ~> &c m re 0 f i?n5J:5 & <d m to # 
gitfc^tif ^n, x / w * # cd iij m t # * ?> n ft <, 2 o - 2 5 n mot 

- ^ <D * Z £ T* Si tl ft o ^ < O CD ja 9 £ tl It ■» > f A/ IC *5 V> T , ^ & CD SB to ti g ffi P> 

awsti. * ni> fc Rfcs <* tx, »jg-r & m&* gft 's *t 5 c t & < * u t # l t mfr-t c 

t*<SL, 2 0-3 0 -f- S * — # cd & ;* co * — /I/ £ ^ t? ¥ £ ^ £ a ffi £ & "T «fc -5 tc jt. 

^.ft. 8 ffi AvP> CD IS Ki CD 3* ti s H . 'N )]/ /<C /n > , L . ^^-Kv>43<tO : H. S . 4^ A 
, " fg 7 ^ x > x u VU-if^^^sftffl(cfc^53t^Sft®gi*3J;t>*ISf«®iI'\cDM 
a 14 " , 7 F A > X h •Tf'JT/l'X- 7*— •;*:7-r-t'-y*X-7>'K-xW*hn.=. 
7 X , Vol. 2, 31-42^-^, 4 0 ( 1 9 9 3 ) ©•* » HE fc « KJ « © V> H |ft IS 

« t - Sc r s o 30 

[0014] 

■ t^^iffiJ: 0 Hi,'* t 5> ti/c„ MS?tifc^#^-9->'7 p ;l/cDTEMiii#t±, Vomits 
ft (C # PI S T* , 7 ;U 5 — >> A , JR , V y ^. v- <^ A 33 <fc t>* 'J 3 > CD ® $ T* 

«5?if A6nS«'*iLft. tt fi. ( » JR «t « tt ) cD«^tg®?lJScD?S ft CO ffi 
■ti- « , &m(D'&lcMffi>&<D I 65^aycr||iOifi(CbfcoTKSJn/c5-20nm 
O » ft i: BB « L T « M S ti fc c 

[0015] 40 
C tl P. CD IB S *> e> N f LTi:tl?.©Ig(;-g[LT, i^J 2 4 8 n m fC It 5 S V> ti 

ti «fc o ^i/^stc^T'e^ti^^^cD^^M e m s ©«iaofc»o^rjS3b^iiii«*nfc. w-m 

, <fcO-«aft(C{4, S»SCS)t?tl5ft0^f'M EM SilClffl^ntfeJ:^. c 

m p t\ 7 if m it s m m <o m t * /j> t < -r § rc #> ic , *«c/h?^BS*fifflt5!:k*«a 

fttB8^^a&Si:"%^P,tlSo 'OiiB, MOSii^&lfi^Nltt *. CD K + 9 
^}fffl$tlTt<i: l/v„ ISS p HfeilfttS, * CD ffc K fc T , 5 0 7 0 n m CD 

^ tr ? cd to =? * ft 5 *s v ti * m * t -r s x ^ y - *ms & o t w.^ ^ ti s . =ko-dSft 50 
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(C ft , 14 ? <D ± * $ # 3 0 0 n m & 5 l> « <t 0 /J> S l> ffi & tfi ft O BJ flg ft & 3 0 g & 
*W*««ffiffl"rsfl&<0X^U-fcR15fftJ:<aKll[O6^t,Lna:V'». ATM I, Inc 
. ©ACS 1 y^-7KioTSI««h, ig*^7t-ti- 0S ••>'J-X-ti'* 
FSMP^7'J-0«T*l5tJllTt^X7'J-li, 3 * bl/^ /JvS V It ? -9- -r X % W L 

t^5. cne«x7'j-©ffis«, * a w ff jb 5 . 993. 6 8 5 ^, & js n £ i& £ t 

iftfcOTtftiS ( 1 9 9 9#1 1^303) , » 6, 267. 9 0 9 §, 
£tSftftO¥ffl{ti(S (ZOO l¥7^3 1 0) , *J:tff 6, 322. 6 0 0 f, 

&mmnm*ffi£?&K&(D¥®<tffi!£*5<iizfj;& (200 1^1 1H27B) icmwz 

tlZ>m$tlcm~3 < 7L <i ftZ 0 £/c, «fMEMSaiCi)£KJ:!3. 5 — 3 0 . 5 

-20, 5-1 0, 1 0 - 2 0, 20-30, 5 0 - 1 0 0 n m , ?:tt?IBi, & 

5, 1 0, 20, 30, 5 0 S5 1WJ1 0 0 n m£5^tt?nHTO«8?lit5^7 

[0016] 

09. ti, ^»«>hft¥*^©£J»fliJ*i*LT^a. 5J ffr ft ¥ IK ^ti , £Hft&H8S (S 
LM) 7 H" IC W 5 8 i f T' Jfe o T t <t CCKi, fl |6] ft S <D IB H ^ jffl L T , 35 5 

^ttrjt»«*ffi&si/^i-tfDfflfR]teffliRi£ftTt,<fc^o si nt ^ © <a fa « , A*Hi*t©$ 
mtLx, mm & s ^ttMuu-p* o t t * ^„ - 

[0017] 

B9Cfi^T v BJ »J ft ¥ * ^ 1 Ott-)RK:fi^}BT*0 v ?©*ragP»<0 1O(C»oT 

< , m * l££ ft , Rift5^1itlR«T*$oTtJ;^„ ± IB M # « , X^if 5 OCJ;. 
oT3E8rhTl'5. BJilSl'hif 1 0, ta i; t> « # 6 0 , fcitf^ft*?^ fi* 7 

MI 3 0 , 4 0 *$tJ. tSZ'O, 3 0B, 8«2 0rtKft6.hftHIIS (HwShT^ 
fci/O lc«8LTi>J. ««©lofc±aEft¥JR;?fc©Mfc:«ffigJ&*M**i:* 

cntck o± ib Rift-^^iR^ *<»«st fattens (i^?ni) . 

[0018] 

m m m i 

01&, S <h £! ft «l & 1 0Q©»lO*SB#lJO»riBH-P**. W ifi 1 0 0li, K^m? 
& 5 V « M ffi 1 2 0 , $ ft * Jfi 1- 2 3 , ft «fc 3 « 1 4 0*^tf. ^ftiltt, 
1 20%lil 4 OKSO'Wtn^S. S « ti , m ? 1 2 0*»ft«WK:?l#f*^Sfei6 
lcHffl?nS'>&< tt iooii^§tf„ pJK^^ti, * <o M Si ft *s T , » « *t a 
- r- -f > ^ 1 1 0Tl*iff6hT^5, & ft Jl 1 1 0«, £ K W K fi-W ttTSott 

cfc 0g®WfcK*f14©3lSB«: , glt^^ 2 0 > h «fc 0 ^ c t tfMS Li^tf, 

T «t 0 <g v> o Hijffil 2 0i:^^-ri.Hijtcx^, )l>¥ — mm.*'h tic & 

itsx^i/^-ft^c^-DTSi^sec^ns, sftsn/csttft^iii^i 2 

x > Xte , l¥75-tr>^^-^S/c:'9 1 0 07^ >u';i-AJ; DH\ I'^^Sft!) 
07;HVXiWHttt5n5. iif l 2 0(i, 7;l/ = znHS'oT^TUi-\ 
7 n B. =. V A t n lc , 5 ^ li 7 ;U 5 - ^ h, ILT-, Us m it tfc) , i/'Jay, ^ 
^y, 3 * > -r V^/uT €> £ t^ 0 Rj ft ft 3* m ? <d £ fi§ « ifi « , 7 

*4m&{tm. >"Jny, * y * ;!/, # > y x t- feSVMi, t> 

f ^4itl4^n§WtttXf'J->Xt'i:»Cl^t5e t I* t 5 , + # ffi tt © fc 

& , 5 ^ ^ < O <0 flfi <D «fc t)®L/igltI%t/uT'Wtt^C t T t 5 o 
[0019] 
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S^liXAy^'JA ; feSl/^iyy^i'^A, t> )V -> 7 A , 7 > * y , U ^ 7 A , -t 'J 7 
^ b 'J 7 A J: t>* 7 ^ 5 x 7 A , * ~>* A s # K 'J - 7 A 3b % l> (4 7 ;!/ 5 x 7 A CD 
7 -y M : t'J7f>!0^^*ft$» I fc.S lr*ttj*fc***©«fl:1fci*6j**, 1 O tD « 

^si/MiiaoiTSotti^. m * , 7 ;u 5 — 7 a fc <t op u 3 > cd s? <t m <o 4 o 

^P>6OO^5(Oe*MfflLT« J «fcl/> o .ffiO||Sg0<jK*5l,->T{i^ < (DM, 5 0 & 3 Wi 
1 0 0 UIS:fffl 1/ T'ti il\i<01SS«t5Cili, 7>y'i7 "fj'^, X 
x 7 r y • 5? + a 7x fcy-z^-h-*^-^-, " ft « SB J: flB.o S S <D u V X * 
Ml/1R«©fcft©ft*3-x*>y©Kj«:tt-rSI&»" , S P I E Vo 1. 3 1 1 0, 
5 0 9 - 5 1 6 ^-->\ Cfc^TRft 5«i«K:fe^Tf tltfeD> *Jili5 1 O'! 10 
— SMcfcl^T* 4 9g*ttS->Xf iKISLT^S. N. * -f If — , H; 3 — 

•j 7" , u. b. yti/y/^-^, b. 7yFy, u. # -r if - , k. v — t- -r y , e . x 

M , "x^S/^lx — 1f(DfciJ>0!fiS««H«A 1 2 0 3 / S i O 2 « 3 — x -Y > ^ " , > 
> • V 'J -y h* • 7 -f ;l/ A X % No. 2 6 0, 8 6 - 9 2 (.1 9 9 5 ) , CiS^Tt 

fR^tlTfe*), CtHi 8 7 ^ — V K *3 f T 2 4 SO •/ X f A (C f S t. T ^ 5 <, Sfc *t S *t 
itt, H 9EQ £0 « «fc XS -C * > fT & * 1$ ffi fc £ o T T t <fc f 0 ft * & ffi « , X i\ <y * 
'J>y, CVD, tflfS, U-1fJS»}£, *5«fctfU-+r355t>{±75Xv8j!jSBf{k^ 

[ 0 0 2 0 ] 

ft « m m (CM P ) - ft « Vv|4 < O 2» <0 ftfi © <fc !)ILftSBXA-J?yy8«lC.J:oT¥ 

^o^^^^coaMco^jf^^, 2 n m R M S ( — ^¥^©¥7311) =fc < ft ft fcf 

ft 6 f\ 1 nniRMSitJ'hf^CttfiDilK, 0. .5 nraRMS iO'hS^Ci 

[ 0 0 2 1 ] 

te*6TCfc#»m£ft*. «Sf4, Si*P^^Xtf$ott, ctOTtH^SS^^i:^ 30 
[ 0 0 2 2 ] 

eg i tc it ?> ^ m m « , iieii? i 200^11, ±E3£«p»sfii.2 3±, * * ± 

y 1 3 0 * Tjk L T V £ o fcttW5±=i-y-sytf\ 3 014, "7 y- * >"7 i, ^ ^ (i * ;l-> 
A CD 7 -y it m , feS^Bi/iJni/feiy/feS^liT^K-^ACtfcft, * S V « , ffi 

1 Ofe5^BSaoS*^*^T^Tt J:l\ S*tE§±3-'T'r>yi 3 0«, SLMCD 

\z <t ot is? ns s*t s n/cBi«cDjsiija£D^<k<Dj^ig 5 cttf& s , s 

=S:»*tfita3-x^ x y CD S W l» it 14 S « ; C <D «t ^ ft ffi x * ;l/ ^ - T m®6 <D 9t=F lc tt 

as t- « t u n ft v t k (ft e -r s m % ^ cd « s * m. m t z c. t & v # s . 

[ 0 0 2 3 ] 

JKttffitn^-xfyycDJPSti, ii ^ 2 - 1 5 0 nmOffilrtlCfeli. 5-1 OOnm 
OlSBrtfctSCiiCaSU,- 1 O-SdnmOBIrtlcSiCitfJiOaSU^, 
[ 0 0 2 4 ] 

^^^±3 — T--f>ycDff^{± x il^l 5-8 0 nmOSEfrtlCfeS, 1 5-7 Onm 
OilrttfcSCt^aSK, 2 0-6 0 nmO|iHrtfc*5i:i:*'J;0fl*L^. 
[ 0 0 2 5 ] 

eg i ic&i} zmrn® 9 comn®m®ztt&? z t , fp^com^mm 1 2 3«, 50 
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60S, £5&*>©tftefcl>T£ft5 0*#OJ:5jei«SftTt>J:^. £<©K&f14fc<fc 

testes*** a, Kmmmm i zotj»r« fc&©£«ift«ii%i#% ft # e> , * 

[ 0 0 2 6 ] 

Xffiftl 2 .. . 

0 2 H: , *«W©iB/hS*.fllJS2OO©»2O*«0d©»faHTa&So ±!SiI2 0 0 
tt> )tflf 2 2 0 , 5S«il 2 2 3 > **tfJI«2 4-0*dCr. £ *t M it s ft^m^ 
2 2 0 * ± E S « 2 4 0 fC 1$ 0 tttf T V> 3 0 S « fi , _h E ft 3* lit ^ 2 2 0 £ tt ^ ft 31 
# 3 '> ft < tt, 1 0©li?;ttf 0 »t*^tt,-ttWgtii=i-'r-<' >^2 1 0T-at>n' 10 
TV v 5o — J > 7 it , 2 4 8 n mWT<DiSftiCfe^Tfi7/l'X yx^f 

n fc *g © , K *t lit ? 2 2 0 (C *f f £ , JlC^fCSISiecSnS/^/l/^feJl-tfSBBfcfelt* 

[ 0 0 .2 7 3 

Sltftf 2 2 Oli, T^bS^^A&S it V» < O © fft © <£ 0ififiOll/ftE«3 
•7 A , T )\> 5 L. $> 3 « */ V zi >0 Wt it W > 65^iiii;l/^n,'7?*i/nfi5 

^tt'j^)A07'yft«, * 5 v> ti * * m © m it m © , io3&5^ttna©t©^c>«-3 

t^TUl\ -f=>*1- , /^->*^A, p^«7^ % U-^^A, t75-)i, 

50 *-«5iuifl3-f oy^#ILTtJ;i>, 1&m&1n=i-y- * y if 2 l o «, 

51 ft) © ft m (t#^->3>) fc«fctf/fc«V v fiC©#»T-ttK&©>r:fr>}Tfc»SElfifc:«fc 

«fc^. n^-r-c >^^nTV>ftl>S»f7t^^?©±a5S®«, SStlfia-f^ >72 1 
[ 0 0 2 8 ] 

«f*tS*a3-T-i'^^*2 1 o « , WSJfeitfnyhvXhOS***, 1 0 fll * iB A 
5it0|[B*^ 2 4 8 nm«TOffi7/Hyxi!SS«'\, 31 R ftfc M '> £ 3 0 Jft W & ffi 

3 - f > y 2 i o « , ± e a m ^ © s k % , si^;i/^oiii>6ai o « i\ jv x 's > 30 

ratS©K*ftt©«jfc*t>oT«;biJS-tfSo SiUgMn - -r -c ><f it , »#WtcttE**ffifc: 
PJ3t**ft?©ft*«'>;!^*8lR#«j«T;6i:i:fc:J:oT\ f LTSW^^If ©Sf 

[ 0 0 2 9 ] 

B 2 *s 3 & ffi 09 ti S'fc , B 1 i R| « fc: , g»Rjha-f 2 3 0 t±E»«f 

2 2 0 © » BB ± , fc«fctf±SEX*S«jfi2 2 3 © '> ft < tt-»OlKtt5J:5B*« 
nt^ltf, ± E '> ft < t> 1 o©mi2 5 0*dtrTKffiB-rsS«.2 4 0 ± (C ti L 
ft ^ o S #t ffi lb 3 - f- f > y 2 3 0 it , v y ^ ^ 7 A 6 § Ir 1 li ;1/ ■> A (D 7 7 ft B , & 

3 i> ti -> U 3 > *3 «fc / & 3 l> » 7 i\> 5 <7 A © n ft ft v $> 3 ^ « , ffl ? n 3 iS ft K *> 40 
H 3 £ &f m lb -It S * M f 3 IA < O © fft © J; 0 I L /c 3 - r 1" >?<DttmiC£r>T&l&fE 
tx3, l o$5i(>liSa©Ifr PiSoT^Ttxt^o ISSStKiha-f -f >^2 3 0 (i 

, S LM©S»*7 , 6^^? : {C«toT^Ric$ni>g*t^n/c:iii^©. I 6^JS©^ft©JgBi:ft3 
ttA'SS, SLM^^©S*fffi©Ttc*5^3tc^©g*t^M'>$HiS 0 c©«i; 
■5ftn-x^>y©S*tl^±14S(i, cciiftli*;^-, ffljfi ft © Jt T & 

s t tnftv^TfcttB-rsiatt^wffiiitftwrsii t *^ -p * * . 

[ 0 0 3 0 ] 

HS6 0IJ3 

m3 n s m'hmmmm 3 o o com 3 (Dnmrnzin lt z 0 *mmmic*s^T , sstw 

ltn-f ^ 3 3 0 (i> ±£'J>5< 1 OOf S 3 5 0 4§tfSfi3 4 0 O**Sa 50 
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*5K0*?nT^S. ±E«JR : ?320©»B5*J«J:tf±K£#«ifiH:, ± IS £ *f BS ± n 

— r- -r y y tc 1 1> n t v\ 

[ 0 0 31] 

* ft #J 4 

0 4 (J , a/hS!ai«|ifi4 0 0OSl4©*ffl|ffi*^LTt^S. lEfll 4 0 0tt, man 

i4 5o^#ty 0 iif 4 2 oa, sft*tsfii3-7 : -f>^4 1 ocgbnTi>§. * n ft 

[ 0 0 3 2 ] 

hi; 2 . .3 is &zf 4 ion* tizmmmicts^T , mm?te, yt^m^is&zfmmM? 10 

[ 0 0 3 3 ] 

Sift 0V 5 

H 5 # W fC «fc * S 5 fc S ffi © * « ffl ij* L T 0 , CCT> iilg? 5 2 0 (i, 

^OtuB 5 2 2, fOSI52 1, £3^t4^CDffi73©±{C:fcl/>Tft^iR^T*S : bnT^ 

tt MiI)K?5 2 ott," co«^„ * S ft «k =f- Z y , * v # /K 
<D-&j£$&KDJ:?&:, fr-ffr&dl&ltX-r'J i/X^^-rSSVMiiaipJtX'r'J f X £ jf; $ * 
[ 0 0 3 4 ] 

fi'hi«il 5 0 0(4, 0 1 tS?ntl>5iIi:^t»cHKLT^5, it fR 7 5 

2 Ot4, *-©7t^ifi!^6fi!ioT^ttJ:<, S , 7 ^ 5 - ") i» , flK *5 J: > 
'JnXD^^Ci^^ifrf.Son'TtJ:^. S6fc, 5 2 0 «, 

[ 0 0 3 5 ] 

Tt^If 5 2 2(i, 7AUn, SB, 
WtSfilOffi^iaSttSTfeoTti^, 30 
[ 0 0 3 6 ] 

Sfe *f 16 la ^ 5 1 0 14, lE©i?(c l oiOifeS^ttJiaoST'feSiltJb'TtS. 
[ 0 0 3 7 ] 

7 5 - £ K M /J^ S « t4 , « fb * •> JR T « ft S n T fe J: ^ „ « ft # * JR tt , * •> * -f * 
>fcia*)^m^^>'to^^>n'ii^^CcfcoT7';^5^'i;AS/J^S^^cf^^te,nTtck^^o 
JTi&#©», jS'h£!ttU:* 09 *. tf J» 7 x - »i: «fc -=> T 7x-;l/£*iT fc «k 
[ 0 0 3 8 ] 
m ft 0IJ 6 - 8 

0 5 fc is if 3 # 88 # <f (4 , @ 1 fc tt S # 88 # ft Jfc L , f§ 1 0 Oliff 5 0 0 t 

3S^?n§„ H6-8ct'Wai4Sflii^ii«n, m e ictstf &&mi±m z ic #jc l> 0 40 

7«H3fcWJ£U, B8H:B4KWjSt*. ± IE © 18 W (4 , B6 - 8IC*^T*?n4W 
tt ic m T {4 * 5 o 

[ 0 0 3 9 ] 

*^0£<D 1 OCD««H4, 3t*«/jN«at««S/X-r-A (MEMS.) ©, ft M K <fc o T § I * 
fftiSICJittSttSiifeSatSfelixOSaTfeS, M E M S (4 '>S;<ttlO 

®Bi»ia»iiR ; f%'$A/-pfe«}:v''. £hjr^'\®8i«m:, fg ^ ;i/ x > x , mm& (d mutum 

oiiu^/l/XfrPiS UTt4i\ c # jfl ts T , fg 7 ;l/ x y x {4 fg x * ;P — 8? fi % 
I«t5„ # 7? r£ 14 , '>4<tt 1 ooftWfiliil*, '>4< 1 0©5Jt|g|8j|f © 
iij®ffiiJ±{Cjgfi!t-r§Ct^#ty 0 * * ft K <fc S % #f ftf £ *r[ « &4 , ^2 4 0nm£3W4 
*tt.fc0«^»flF»Sfcfc^T*JlWKE#tttT*-3Tfc«k^. Jft W & In if f4 , '> < 50 



(12) 



JP 2006-513442 A 2006.4.20 



1 -D<D>s7-*?L,,T)\,~-VU, &3Wi>"J 3>OHkW4^A/-pfeJ;i(>..-»»i 
Stltt, '>4<itl^07yi>")A, 7 > * V , S S ^ 'J f ^ A © 7 y ft ft ^ § A, 
T'txfc^c «J ft & M * t4 , Wtitmty v itWKD ffi^-^^^/u T*t> «fc^o 3; ftSfe at fi fit € 

0 fT>&*t±, * •> us <t t>* mmz^As-u t j; ^ 0 fTii*f* suft * nt t * ^ 0 mr 

V > 7 <D £ o ft? - - V > 7* , jg 14 it <0 ft tb IC {£ m L T «> «fc V o lOOjKtt&fiiS&S 
VMi«»Ott»fifit*tt» 0 n m 6 7 0 n m <DP £ o T & <fc £ft, ^ n (4 

^2nm*>e>5 0nmfeSl/>{i5 0*''e>l 0 0 nmOf J^^-jTU^, nj $J S IUSi ? 
ti , 7 ;U = — V A , £3 W4W XSfcftK v"Jny, * > * ;U , 3b & Cliffy 

(4, a ©±gPfr 6 « ©TgP'\0¥^^;i' * 11T*£ o T fc <fc.^. K#tSf4, Sfe*fSfii«^ 
J£;£Ti>mcftiz:-£ff$j££ftTfcJ:l/->o K St S t4 , 7/l/5-")A, ffi, $> 5 W4 # CD -5 % 
010355 «,>fitt»*^A,-Pt>J:i/^o BJW)&mm?lt\ « H AH W L T fe <fc < , ^ ffi tt $ 

S^A/Tti^. 1 O © KSt WihJi £ £ tvti «[tt<D'g -*f|S5±Ji U , 7y^->9A£S^li 

* ;1> ? A <D 7 y ft «B * ft A, T t> «fc . l'O©ES*l$Ji:H&S^tiMtt<0E»ffcltJi<DJ* 

* li, I 5S>51 00nm,.*5li>8Sft, 4 0*^ 6 0 n mfc5l v ii 6 0*^ 8 0 n m 

OT> fiaitttt, 2 4 8 nmfi(TOfi*f»LT«««lcaWT?*iCi:ti«TS. pj 

®) S 18 It (4 , ->'J ny, i"J 3 > O 1 ft ft S 5 ^ (J 7 5 - ^ A $ 5 li li 7 ;V 5 - 7 A 20 

Sfg?Otllffii?;¥tiftLTt il^C tTfeS. ¥ ffl ft <0 16 * (4 ; 2nm<J;9&^ — 
Sf^<D¥7:« I FHtt'« l -3tfeJ:<, l nmiDfi^Ci^UK, IS ^ cd g ® fc fc> 
ft o T 0 . 5 n m <fc 0 Sk V* £ t # «fc 0 W. * L ^ 0 £ <D W. R IC fc ^ T ; ft ^ (4 , fg # Ift 1 6 
5 t> P >" 7 6 o T t J; o ¥ m it t4 , - H$ 7 0 n m 5 l/> (4 *<J 5 0 n m <D <fc r> £ , 3 0 0 n 

14, £«ft*ffi*ffl£-efcffl»^to-£3c4:tfT**S.- 
[ 0 0 4 0 ] 

, MBBfll*3J:tfflfliE«±©il>fc<-fcfc 1 OOltt!itgjSi*^.tfJtf MEMSO'J?S< fc 30 

1 OOpTiftaillJR^-PfeSo £fc St & la « «: , 2 4 8 n mSS^tif fti ?> JS V » fi £ *3 »* 
5»«K»LT*JlWKE»ttT*,TtJ:i\ J» St & In. M it , C C (c|fii$n^a«(D 

'TtJ;^. £fcSt&tfiBf4> 3Lftttvjm&fa±lC, Bflfif f OiSlC, feSWfiC 

[ 0 0 41] 

± K W ff K St L ft » S L ^ H {5>J fe-J; If m fjk % &m L T M ^ ti T ^ 5 ^ 

, £ n z om7*&*¥&w<Dffim%fflm? z & cot £ t wmmz z> o itcns^n 

ftSfl5oajS*5«ttf«^--&f4, CO»BOftfl5*ttt8aK*Afif< t # ?L 6 n 5 „ CO 

$6(c> W^ti/^ll SS'fiWJ (4, rJ » K *TS LM^^Ig^fcJ;t>*-r/W^^#^LTUi 
Witlt^?, CO^fdKif KtJ, eaSLMOJlHSWS LMW^OMEMSi 

[ 0 0 4 2 ] 

[ei i ] *fg^cDM em s^iio^ i cDnffimv>mffim?&z> a 

[02] f^iOM'EM S«5ficri^2O^j5igf5ljO»rE0T-fe?. o 

CH33*KW<pMEMS#IiSom3O*jW0!lO»fffiH-pfe*. 50 
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[ 0 5 ] # « TO © M E M Sffimom SdlfJlDligT^^, 
[06] *aW©MEMS«Jfi©S6©*S|W«>WfffiBITa&So 

[08] *fzm<DM e m s mm<om 8 <onmm<D\8iffi&-v $> & o 
[09] a'hai«io-«o«fta»j8T*«. 



[0 1] [0 3] 




Fig. 4 



[0 5] 




Fig. 5 



[0 6] 




Fig. 6 
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Fig. 8 
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[tffcBB] ¥^17^3^90(2005.3.9) 

i&ttimw. 1 ] 

[ttlEttfcJRg*]^:* 
[IS IE 73 ft] 
C If IE cd g ] 
c ft w i« * <D IE H ] 
i m mm n 

< £ & l 0©Bl»tli?^ttf«f X t" A (MEMS) (CfctfS 

7;n^x, )Siftfiot8ttWoSin^;i/Xi!r.6§i;5t.o-e*oT, 
hu E '> & < i; l o cd ^ ft M ig ^ cd M ® flW _t fc '> & < tfc l oottlfgRf^f if 
mMMMMMMJLi 2 4 8 n m ^ n <fc 9 @ ^ ft ^ & fi fc ^ T II g 

± E 73 ft „ . . . 

11 * * 1 tc e & <o rfm ic is v> t , so is m m s «t e « , A7^n©i{ti ( h f . o b 

) s V 9 * 7 A CD 7 v ft ft ( M g e F x ) , 7'>*^<0 7y<k» ( L a p F x ) , 7* ;!/ 
5-7A©Sft» (A 1 s O t ) , '7 3 > CD i? ft ft (S i y O x ) , X (± l> ^ A CD 7 
-y ft ft (L i k F 2 ) cD5^'>&<£fclo;&^tr, ± E 73 ft o 
[ Iff * * 3 ] 

a co & it ft, x« ~> u =1 ><om\tm*^ts , ±E73fto 

Iff * J£ 1 fc E tt co 73 ft fc fe ^ T „ WEtt*ffi«i»tt, v y * > 7 A cd 7 <y it ft » * ^ -> 
7 A CD 7 -y {fc ft , X «: 'J ^ 7 A © 7 ft ft £ § > ± E 7? ft 0 

c w m m 5 ] 

Iff * H 1 fc E m CD 73 ft fc «s ^ T , M E «C *f Jg «t M It , WERj»aWJlS?©Wfl5«fcfett 
[ Iff * * 6 ] 

M*«5KEiO*ft(Lfe^T, !WEfIii*tt«8m«fi, iSttfbSftS* ± E 73 ft , 
[Iff** 7] 

Iff * « 6 IC E « CD Tb" ft fC 43 V> T , J|i}EfT&*J&*figi5iJ§«, flTi&*gj|S*7*:fe«fctfK 
JUA^tfS, ± E 73 ft o 
[ Iff * * 8 ] 

mwL<Dmmm.%imte , /n7 — ^AcatHtau' 7*5 = 7^01^*, *>u 3 > © m <t «k 

v^*v"7A077ft», * 71/ ~> 7 A CD 7 y {t ft , U 7 A cd 7 •> ft ft , X ti * 7 US 33 «fc 

vmmvm&it-snrcti&frm, (Oo*><D'j>%:<bt>i'2&ts, ±E73ft„ 
[ n # « 9 ] - 

Iff * Jg l" K E IS. <D 73 ft £ *5 ^ T , ffjf E WL m m. tn fM It , 1^3 0 nm^e,? 0 nmOf 
f# O , ± IE 73 ft 0 

c iff * m 1 0 ] 

W * 3S MC E « CD 73 ft »C V> T , M E ffic *f ffi in M It , »2 nm*>5 5 0 nmOii*8 
O, ±E73fto 
[Iff** 1 1 ] 

Iff * * 1 fC E « £D 73 ft *3 ^ T > MGtttiFjStiiltt, «5 0 nmi>6 1 0 0 nmOIS 

±E73fto 

[ Iff * * 1 2 ] 
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»*«l-K8B*<D75rtefc*^Ts m IB » £ IB X ? « 7 ;U ^ - «> A * H is s ± 12 73 S . 
[ IS * « 1 3 ] 

o 

[«*«14] 
[ W * JH 1 5 ] 

HI 5R JS 2JC IB IS. <Q J3 m fc *5 !/•> T , MI2«tt©ttlt«fiiB©ffi*t© iot»t5MEtt» 

MB»©±»fr6iw^»G>T»^©¥i5>*/i/*«jST**, ±IB73?4 0 

[•MS* 1 6 ] . 

w*j«ifciB«o^}S"p*"3T*6fc, Sijiefife*fjg jRi * m a. ? s <o tc $fc i , r ;u 5 

o 

['» # J* 1 7 ] 

I o cd s W Rfi i£m * m IB & ® «-± tcjgjjg-rsc^Sr^Cy. ± IB 73 £ o 

[ IS * JB 1 8 ] ■ 

II 3S 1 7 IC K«<D#i£fc*5^T, IN EE it Ji tt C a F 2 X tt M g F z * ^ tr » ± 
IB 73 i£ o 

[ bi # sn 9 ] 

is # m i 7 la m <d 7j a tc 33 ^ t . ai is s *f k ih m « , Yy*i/9i»xii*;b'/no 

7 * ft 1% % $ t? , ± IB 73 m o 
[ IS * * 2 0 ] 

» jft q| J 7 IB $& CO 73 tC fe ^ T , mi IB E W B£ it « , Ml 5nmA^80nmO|? 
%^fO, ±|B73)So 
[»#JR 2 1 ] 

II j£ ^ 1 7 EC IB fc CO 73 a tc 35 l> T , ml IB S *t BS it B it, J5 4 O n 6 0 n mOf f 

± IB 73 ft o 

C » * * 2 2 ] 

II * JH J_7_tC IB « © 73 £ £ fc V> T , fu IE E *t Gfr it Jf ti > 156 O n mfr?, 8 0 n mOl? 
%«fO, ±IB73?4o 
C IS * « 2 3 ] 

w*3Sifcie«<073»K:fe^T, MiB^KgwjR^amjKttW*^"*"** ± ib 73 £ □ 

IS # ^ 2 3 tC IB tt CO 73 a tC fc !/> T , HtjIEoTK^IS^^ti, 2 4 8 n m«TOfiSK« L 
T H K W tc m W V & £> , ± IB 73 j£ o 

im&m 2 5 ] 

» # 2_3_fc is « o 73 j* »c * ^ t , mm^mmmm^it^ u 3 >ontias:§tf ; ±ib 
73 a o 

is * m 2 3 m ib m <d 73 a c fc ^ t , smbsc w e^a « 1 -ocom **tr, ±iB73i£o 
[ w * * 2 7 ] 

is # jb 2 3_tc §b m. <o 73 % tc ^ t , ffi$ztt.m&m.m izm&<DMit^ts , ±m*m 0 

JR 2 8] 

IS * JS 2 3jc IB © © 73 m tc *s ^ T > ml IB tit ft* 16 K JB (i s v y * -> «> A X tt * ;1/ > i> A <o 
7 v it M * «■ tr , ± IB 73 ffi = 
C IS * * 2 9 ] 

IS * * 2 3 IS m (O 73 m ic T , Bij IB 'tt » » St JR ^ « , ZOXli^tittioy^Sz 
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•> A $ 5 Wi "J 3 y ©S ft i$5 T*$i|i, ± S2 7? m . 

cn*is 3 o ] 

S fig * ¥ tl it T 3 C i: * tr , ± 12 73 & . 
[ft* IS 3 1 ] 

II*JS_3_Ojc f2«co73 £ fcfc^T, MIBM®ffi!l(i> M 12 ¥ S lb co f£ % 2nmJ:D6^R 
MSTStt***-*, ± 12 73 S 0 
[SURS3 2] 

IS* iS 3_ojc S2 « © 7? i£ tc T , WfBMffifiWfi, WIB¥fflfl:o"*, l nmJ;DI^R 
M S ¥ ffl 14 % tt § ± 12 73 j* , 
[ II * IS 3 3 ] 

II *JS 3_0JC 12 « CO 73 j£ fCfcl^T, flu 12 fu S fiij it \ MEf 0. 5 n m <fc t» 

^ R M S ¥ m 14 * W T 3 » ± 12 75- ffi o 
[1*13 4-] 

IS * IS 3 0 ic 12 m. <D 73 ft til *5 (,> T > h5 12 ¥ ifi It li , 3 0 0 nraJ;!)'h?l^*40fi8 
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